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népmmm' OF THE AIR FORCE =~ ‘PLANOF msmucnm 3 pasdsao e
- USAF School of Applied Aerolpm‘Scienccs (ATQ) - . (PDS Code ATA}
&eppnrd Alr an aage Texas 76311 e (] Jarm.try 1976

: FOREWORD. - - ;;

1. PURPOSE' This pubucation is the plan of {nstruction: (PON) when e - hawr
on pagé A are bound info a "single document, The POI preseribes the qualitativa - 5
- requirements for Course Number 3ABR34530, RefrIgevration and Air Cc: diﬁamg o
» Specialist, in'terms of criterion objectives and teaching steps piresented oy units

- of. instruqtion and shows duration, correlation with the training standazd, and )

support materials and ggndance. Whe; separated into units of ins:ructicn, it becomes
o Pa:rt I of the lesson plan; -This POT.Was developed under the provisions of ATCR- . ..,
T Instrgctional System Devﬁopmeqt, and ATCR sg 7 Plans of Instmc:ion and
: Lemn ﬁiﬂnﬁ. E

& - ¢ - ¢
' ¢ . .

2. COURSE DESIGN/DESCR:PTION The instmcﬂnnal design for this course is
, Group/Lock Step. The course trains ‘airmen to perform duties prescrived in AFM~
- 39-1 jor Refrigeration and Air Conditioning Specialists, AFSC 54530 Training

a includes the use of AF publications and forms, and commercial ‘manuals related '
:to identification, location, functfon, installation, operational checkirg, servicing,
"repair and majntenance of refrigeration and air condi{ioning systems, The course
alsq includes$ water analysis and conditioning. In addition, relatedt is AN
provided on-driver education, troop mfdmation program, commander’s call/
briefings, ets,’ - (

=
)

3. TRAINING EQUIPMENT The number shown 1n parentheses after équipment .
. listed as Training Equipment under SUPPORT MATERIALS AND.GUDANCE is.the
-« planned numb;x' of students assigned to’each equipment. unit.

. 4, REFERENCES, This plan of instruction s based on Specia.lty Training
. 54530/50/70 18 April 1973, and Course Chart 3ABR54530 15 Jamm-y 1978.

)

FOR THE COI\MANDER

-~

A, TON, Col, SAF "
. Chief,’ Dept of Civil Engineering Training ‘

- <
, .

»

o, ' | : . L | —

A - Supersedes Plan of Instruction 3ABR54530, 15 August 1978 v . :

-+ OPR: Department of Civil Engineering Tra.tntng |
--DISTRIBUTION: Listed on page A « g e | : =




% TR l MODIFICATIONS.

. .
« ‘ ‘ " . *

. __Eq%f‘.:‘ lelp o of this publicacion has (have) been deleted in
adapting thislmaterial for inclusion in the "Trial Implementation of a

. * A

: « Model System to Provide Military Curriculum Materials Zor Use in Vocationa

afid Technical Educa:ion." D'é;letcd material involves extensive’ use e'f "
. f .

.\ i .
military forms, procedures, systems, etc. and was not considered appropriate

[N . [

for use in vﬁ'ca‘éiqnal and technical édpchticn.
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" SUPPORT- MATERIALS AND GUIDANCE S
Stndmtlnd:mctional Materials B | S S

N -I-3, Tools and Special Too li

; WB’SABRSGSSO-I-S-PI cation. and SQhedm nt Hand 'rooln, Specin

" o% , Portable and : edl Shop Equipment .

| 300-01, Common Hand Tqols . ¢

. \r Lo Y. ‘
'rmmg: ment . - =
.Trainer mnh'ype with 'rool Drawer (22‘, , .
‘Power.duinder (12) < | -
Powgr Drill (12) ° S
Hand Tools (1) oy | N :
‘TM Methods ) oo ‘ T 't

- | Discussion Demonl:ration (1.5 hrs) ,

Perfomance (1 5 hra) _ . . :

-

-?'} Ingruetiona.l Guidance | TR T
% gate emphasis on use of drill stand, Students ahould mays wear
' les when operating drm stand, . B | .

o

-
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ol ke Hand Tools, Special Tools, and Shop'Equipment - -~ - . _
R L e - . |Day.1

- Fy B R . - > {

. S D)

o 4 Using the workbook, selectandidentﬁyhandtoolsand .8/0)] -

0 special tools as to their type, size, pneation and care. S . .
: STS 5:,51;, Meu: W PC . . L q
-1 -~ (1} Type: of hand tools and their appueaﬁon | - o o k..j

R B (2).Typesofspecialtools e R

: ’ - : v “ ) ¥ ) .

(3) Care of hand and ‘special too1§
CoL T (4) Safety precautions v'hennsing tools . . - ' .

7| .'b. using a drawingof a drill stand, ‘idenify the major’ companetits | (1.2 /0)
and list the safety precautions to be obaerved whﬂe eperating it. 2

STS: 5e Meas: W, PC J * 14

. S .
~I .. . (1) Use and care of pdx;tal;le and g.ns;auéd shop eguipment . .
I A . (2) Safety precautions when using 'dmp,equipmén; . o o :.’
. . ‘. ) “ \ g : R ‘ ~
f ! ) ‘ ’
» . i :"
- . M .\ - - v -
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4. geg;ueraunii Lihes, Fittings and Tube Fabrication  °
I S S \ N .-
l‘rt R S ..'v\' L i
a. Given an assortment of refrigeration tubi.ng, complete t}xe
workbook by idmtifying the tube by d:;e and tﬁ’e szs Ba B

~—

(1) ﬂ‘ypes of. copper tuhing and théir appucations
(2) Sl.zing copper tubing '

R U

. b lm.ng a ruler, tubing cutter,. tubing bender, and a roll of -
copper tu.bing, measure, cut, and bend tubing as specified in the
wo STS “8d(5),. Bb 8c Meae. w, PC -

t
] (1) Tools for, measuring cuttiqg and bending

(2) Prooedures for"outt{.ng .and bending copper tubing
‘ ! {a) Sa!ety precautions | PR

| . (b))’ Cuttin.g copper tublng |

(c) Bending copper tubing .

c. Using a ruler and an assortment of refri.geration ﬁttings,
. identify each fitting by size and type as specified in the. workbook,
STS 8d Meas , PC

(1) ‘Selecting and identifying refrigeration fittgngs

|

- (2) Measurement of fittings

-~

" |(t+5/0)

(1. 5‘/0)

7_’ s - o ‘ ‘.
* s Coe ]
- N ’ : ', o - "ﬁ: .',.
::' -k e " &Jﬂ“w or Limu PLAN (PART 11)
. . SIGMA TURE AND DATE \SIONATURE AND DATE
.. " ‘s ! :‘ l __\ ,f T . . X ) !
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Cﬂ.llll CONYVENY

(k d. Using a ruler, tubing cutter, flaring kit and copper tubing, (2/0)
measure, cut, flare, and swage the tubing.as speciﬁed by the d
» workboek STS 6d(5), 8¢ Meas: W, PC
L (1) Tools used for ﬂaringvand swaging
- {2) Fla.ring px:ocedlx,res - | -
Swafing pmcedures | ! S '

-

s suppon'r MATERIALS AND GUIDANCE

Student Instructional- Material | '
SG:3ABR54530-1-4, Refrigeration Tubing, Fitting and Tube Fahrication
WB 3ABR54530-I-4-P1 Identifying Copper Tubing )

- WB 3ABR‘34530-I-4-P2 Cutting and Bending Copper Tubing

WB 3ABR54530-I-4-P3, Identifying Refrigeration Fittings

WB 3ABR54530-I-4-P4, Flaring and Swaging Copper Tubing . 1

T ment -

Toois
Refrigeration Lines (1) , X
Fittings.(1) ¢ _ .
Tube (1) |

‘Training Methods
Discussion/Demonstration (2 hrs)
Performance (4 hrs)

Instructional Guidance
Place adequate emphasis on safety precautions involved when working with
tube fabrication and tools.

o |17 o S 3ABRS4530 ¥ Yanuary 1976 | "'
\K ‘;Q-.'ﬁ'.'ff':\.'--. AU O : o i m“ ‘Tg mm’r”‘ mm m" m-‘ ' "f




‘ Y T el and:
i ! . -, \g\:(" “'.5'_" "_r‘,"\“i

- a. Using the welding' tr&hiet and the hydrocarbnn tomh snft- - p xﬁ/p '(’; o
| solder a copper swage with at least 75% penetration, with no excess . | Day@3~; f“ 3.
hmide of joint, s'rs- 5¢, 8¢, 6d(1), 6d(5), 9a(l).. Meaa. w, PC L DI,

| l © (1) Major parts of the hydmca.rbon torch CoL ‘ I NI [
( ;. (2) Types of soft salder L 0 : ”(- e o
. . y. ' '( ) o " ) - . .
(3) Procedures for soft soldering . L. N
A ; B .o A S
X4) . Inspectidn of soldered swage - \_ o , 1o
| b. Using the weltiig trainer and the hydrocarbon torch, hard- (3/0)
./ | solder a copper swage with at least 75% penetration, with no . Day 8, 4
~| excess inside of joint STS: 5e, 6c, Bd(l), 6d(2), 6d(5), 9a§2} . 1
- MeasWPC.u | | R
(1) Type ot hard solder | "
) \
(2) Pmcedures for ha.rd-soldering o 5
. BN : L'l s
(3) Inspection of soldered swage “
: . |
: L. ! bt
SUP ERVISOR APPROVAL OF L ESSON PL AN (PART it}
i : SIGNATURE AND DATE SIGMATURE AND DATE .
- | | - - TN ?
e
PLAN OF INSTRUCTION NUMBER ) v tOATE - AGE WO,
' , SABR54530 - {18 January 1976 11
. AYTC m 133 PREVIOUS EDITION (S OBSOLETS ; - © . . «
' ' —-~ ')‘ v




. ‘ ‘ -F"j u ) ' ‘ PR . . ( y
| I rtmormwwmrmuc.mm&«) :
\{* ‘ o couns: cnuuuf T
c.' Using the welding tra.tner and ‘the hydrncarbon o (3/0)
tmﬂk:h aluminum-solder an aluminum swagewith at - ; . Day4

| least 75% penetration wgh no excess inside the joiat,
. & sTs: Se, 6c, 6d(1), 64(2), 8d(5), a(3) Meas: W, PG _

R (1) 'rype of aluminnm sblder .
7 | ‘
\ (2) Pmcednres for alnminixm breéing e
1. . ® mq;gcuan of brazed swage ° . o]
2 . ' d, Using the welding trainer and the oxyacetylene (7.5/0)

torch, silver-solder a copper swage joint with a.f least Days 4
| 75% penetration with no excess inside the joint, - and 5
s STS: Se, 6c, 6d(1), 8d(2), 6d(5), 9b Meas: W, PC ~

(1) .Mzjor parts of the oxyacetylene torch
- (2) Types of silver solder . | |
" : (3) Px;ocjdufes for silver-brazing with Sil-bond 45 h .
(4) Inspection of brazed swage ' ]
) (5) Procedures for brazlng with Sil-foss

o (8) ‘Inspectionofbra_zed joint , L
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. . . Using the welding trainer and the hydrocagpon " (3/9) N
' torch, aluminum-solder an aluminum swage with "Dayd4 L0
~ least 75% penetration with no exgess inside the jo& . - |
| STS:-Se, 6c, 6d(1], 6d(2), 6d(5), 9a(3). Meas: W; PC ¢ *
1. y \ S, )

(1) Type of aluminum soldar  _ - R

(2) Prdc’gdures-fc-!r aluminum brazing . T
3) Ingjection ofbrazed swage ' ' . ¢ .je

‘d." Using the welding trainér and the oxyacetylene o (7.5/0) T
torch, silver-solder.a copper swage joint with at &east - - Days 4 1
~ 75% penetration with no excess inside the joint. | (v andS5 .
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‘Place adequate amphasis an ‘zlety preca%mmn involved in thp u¥ of

torches, -soldering equipment, hindling o oxyges, and rcetylene cylind'grs;

-andthehandnngothotmefal

é

MI.R. .Tvo indmctors are requiretj for 11 5 hours durtng‘stuﬁent

performance (4.25 hours in Day J, ﬁzs hoursin Day 4, and 3 huurs in
BSY 5) ‘
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- ; :Thil study guide will help you }n-hceoninq'flniliar with the 1dcn§i-
o L fication, use and care of various hand andilpccﬁal toels. -~ et
. INTRODUCTION _ ¢
Few words. have so IARY.meanings as the word "tools." Kach workman i
has certain tools which he uses in his work. These tools, cover 4 range
from such common - things ‘as screwdrivers and hammers to such uncommon )
: things as “"sky hooks” and "catheads." In this text, only thase tool you
C will be using in your career figla will be discussed, since these wfl]
E be the most important o you. . 4 ) : '
Velumes have been wr tten on the,propcr;usf3¢£ hand tools but the
- feeling still persists t they are s¢ simple that no one nsed bother
' to point dut the right an ' wrong ways of using them.\ In this taxt, ve
aAre going to outline: the Care, handling, and use. of basic hand tools for
your guidance and information. If you will :og;ow the suggestions given,
oY,  they will pay off for you and the Air Forcs. b
" A mechanic uses the tools in his tool kit dlmost every day. Ona of
. the marks of a good mechanic is the care he gives his_tools.-.ﬁc_prolanqn
their life and increases his efficiency and the quality of hig work by -
keeping his tocl box oryanized, , , . , a0

-

-
Sy
{

RN

. The check list dfja good mechanic looks like this:

1. Keep tools as clean as possible when using them and be sure to
cledn them before putting th away . - A

2. Use each tool Bplg for the purpose intended.
3. Have a special piacn in the tool box for each tool.

e - 4. Keep every tool in excellent condition. Check tools regqularly

- and replace wern or broken tools promptly. - . )

5. Make an inﬁcﬁtory of tools aftc: each job to prevent leaving
tools in ducts, fans,.etc.. o .

6. Keep junk and undcc-isary tooly %u; of the tool .hox.

7. Xeep tool boxes securely locked and in a safe place when not in
' u.. - ¢ . ’ N -
o -

TORQUING TOOLS

" Screwdrivers and wrenches are commonly referred to as torgquing tools.

. . ) :

» -
~
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- "+ Before :tudyinq torquing tools, thn meaning of the work "torque” should
) « b understood. It is a force that produces or tends to produco a rotating
Or twisting motion such as that shown in figure 1.  Torque can be applied
. with any tool which is.used to produce a twisting or tu:nanqgetzon.
much torque will bréak bolts (figure 2), strip threads, or cause 1ntcrna}
. Sstress (strain the inside of the bolt) which weakens bolts. Technical
- Order 1-1A-8 contains charts whicH give-the safe torque value that can be '
§ applied to different bolts and nuts. Torque can be figured by multiplying o

the length of the wrench handle times the pounds of force (push or pull) C K
applied. . .

” . 4 ot

’ o . Figure 1. ‘rérque Figure 2. Onrt.arqmci Bolt Lo

-
b *
- .

If a wrench han&lc is six (6) inches from the center of the drive to o~
the hand grip, applying a force of forty (40) pounds will produce -240-inch
pounds of torque (§ inches x 40 1b = }40 inch 1lb). See figure 3 below.

<

6‘ t: r

-
o
_.......-'--n-.

7

40-1d Pull

Fiqute 3. Torque - L‘nqth x Force _' T '

The lnnllcr the OP8Ning in the wrench is, the shorter the overall lcnqthe T
This proportions the' lever advantuge of the wrench to the size of the bolt L S
or stud. With a given amount.of pull on a wrench, a short length will
produce less twisting or torque, and will reduce tha possihility of ;
shearing or strippinq the nut. , °
) ! .
24 *
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s There are saveral differant typas of lchr.i"“- Phillipl. . -
I and !tinm, and Comiman ara types of W\m\u which are ifi common use. 5
.
. nch type is designed to ‘it a particular typs scrw, as shown in
figure 4. Within each type there are several sizes. The sise of the .
screwdriver increases as the size of the screw increases. CR Lo
- . ’ \ ' ' T . ’ : :
§ Y.
- - v~
()
L )
3 ©
§
Common Phillips - . Reed and Prince '
. Figure 4. Screwdriver Bits and Screw Slots ' .
‘ COMMON SCREWDRIVER ’ ' q )
- The common ac:ewdrivcr has' a flat bit. the faces of the bit being -
o almost parallel at the point. = . :
[
' .. Screwdrivers are usually. dentifiod by li:l acco:ding to thn lcnqth.
<7 ©of the blads and _the bit (ses 5) . _Msasure. the scCrew-
..~ ‘driver from the base of the handle to the titjﬁgg’é‘ the Bit, “This. '
. '‘ the screwdriver size. Common lilll are 3", 4", S", 8", 10", and 12°,
rl ~ ! - “ e
T ) - , 2
e, ‘ %
‘ ) . .
iy N - e
. ‘ ‘ s
r_______,_____" ) : i‘"‘s
Figure 5. Size of Sc:-wl:i::n" | ‘ _ﬁ e T
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straight down on the handle as shown in figure 6. When selecting a

screwdriver: for use, select the laggast bit° that will fie the screw .

slot. are should never be lass than 7% parcent ‘of che scxew-slot '
‘. filled by thé bit. P A e : S gt

- . -
P -fv‘ [Y

. ) ;Lo much emphasis cannot be Placed on selecting a screwdriver that .

fits the screv slot. Figure 7.will aid you in selacting the correct - «.*

Bizev A screwdriver of the corract size fbr the screw slot will prevent
marking, breaking, or bending the tip of the Nlade, reduce the force
»- - required to keep ‘the screwdriver in the slot,” and prevent damage to
:cbcw slot. Remamber, there is a properly lfzdd scsfwdrivcr for.svery
jO - - & " : “ ) 1] :fT . ’ ' R

LN - ’ : : .

Right . wrong

*

-

g :
Figure 6. -Exert Pressure Downward _— Figurs 7. Bit Sizc““

S o DR ,.céoés:;omsmvgx" I )

Crosgpoint screwdrivers (see figure 8) are used on Reed and Prince
and Phillips type fcrews. The crosspoint dcrewdriver is legs likely -
. to slip sideways and spoil the surrounding metal. Howeaver, they require
Y more downward pressure than common screwdrivers. When selecging a CTORS~
' point screwdriveY for use, select the largest blade that will fi¢ the -
screw slot. Crosspoint-screwdriver size ig deternmined in the samk manner
48, a common screwdriver. y Bad) : o s ’

- 1]
‘ 'l .
“

N

o . . . OFFSET. SCREWDRJVER X

. The offsat sg;cwdr;ﬁc: (lcc,fiqusciﬂ)(gii one blade ‘bent at right
" angles to the shank and one blade forghd_in libe with the shank, It s

"

swinging ‘space is limited. Wen the swinging space is limited, vou can
« chahge ends after each swing and. thus work the screw in or out of thet
o ' threaded hols., : An offset screwdriver may have either a commcn or a
.crosspoint bit. - . - . o

; ~ All scréwdrivers with loose or cracked handles or with bant or broken
G blaides should be turned in for replacement, . . L

; o o : ‘ ' ‘2{6

When using a szrewdriver tnlzpply torqus, pressire showl. ba cx::tn&;‘g

B
LIS

.7~ used‘in places that cannot be reached by a common §crawdriver or where the '
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Reed and Prince Screwhead ‘ Reed and Prince Screwdriver
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Figure 8. - Crosspoint Screwdrivers
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' Figure 9. Offset Screwdriver -
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) WRENCHES

Wreanches are tools used to turn bolts and nuts to tidhtcn or loosen
them. The common types of wrasnches are the socket wrench, box and
. wrench, and open-end wrench.

. SOCKET WRENCHES AND ATTACHMENTS

. A socket wrench consists of a socket and handle (ses figure 10).
The baest socket has a l2-point opening to fit* a hut or the head of a
bolt. It also contains a sSquare ocpening to recsive the drive handle. A
socket can be used in close quarters because it needs to be turned only-a
short distance bafore it can be refitted on‘a nut or bolt. Sockets are

the wrenches used, in conjunction with a torque wrench, to apply a specific
amount of torque. L

»

12-Point Opening

3/8=Inch Drive Handle Opening

Handlie

Figure 10 Socket and Handle

Ozrdinary sockets range in size from 1/4 to 3/4 inch. The drive -
handle openings are made to fit 1/4-, 3/8-, 1/2-, 3/4-, or i-inch square
drives. The size of a socret is stamped on the side of the sockst.

The five types of handles for use with sockets are the ratchet handle,
hinge handle, spead handle, sliding T-bar, and ell handle. '

RATCHET HANDLE |

The ratchet handle (see figure 11) will be, used 'with a sockst of the
PrXoper size tc speed up the removal or replacament of nuts or colts in
Close quarters. ' It can ba ratchsted (swung) back and forth in an aresa
too small for a complete swing of the wrench. This handle is not - - ‘
recommended for bisaking loose or torquing nuts or bolts. ' Ratchet handlas —
may be obtained with 1/4-, 3/8-, 1/2-.; 3/4-, and 1-inch square drives. '

-* ' " HINGE HANDLE

Hinge handles (see figure 12)"can be used with a spcket to break
loose nuts and bolts. Hold the handle vertically after loosening. the
bolts or nuts, and fingar-twist them ofe.. Hinge handles are designated:
by the Bquare drive size and handle length. - , ) ' .

. s
. ® .
Figure 12, . Hinge Handle N .;
28
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A ' | SPERD HAMDLE
= The spesd handle (sess figurs 13!}

~ 48 used with a socket to remove or .
LI ‘install nuts or bpolta where very -
little force is required and there . ar—
is plenty of rooa. . This handle is
not suitable for hrnakinq loaac ox™ . y S,
tazquinq-a nut or bolt. ‘ . qgigu:g 13, Spaed Handle -
- ¢ *, . . R
ssxn:ns T-BAR HANDLE . ‘oo S
- r ) '
The T-bar (sees fiqurn,lG] is used on jobs that require .a -large amount = . .
of torque. The T-bar &s often used with -an extension bar, atuniversal )

joint, and a socket, as shown :in figure 15, to spin nuts or halt: loosuo ‘
fast from a difficult place.

- - N - ..

v

; Socket
Extension Universal

Bar Joint . _ \\\\{\\A\;

Figure 14. .T—aar-sindlc, Extension, Uniéersal Joint, and Sccke;N\T

. =

The ell handle (figure 15) is uced Ell

with a socket on jobs that require o

an extra large amount of torque. ‘ <~ Socket \
Fignre 15.\ Ell Handle and Socket

. ' EXTENSION

This bar is used to add reach to the handle as illustrated-in figure’
14. This bar comes in various lengths and gnables the m-chanic to get to
boltl or nuts that could not normally be reached. -

-

\\ T . UNIVERSAL JOINTS i
) A . .
Universal joints. (figure 16) are — ii:f ‘ -
_ used so that the socket can bs worked ‘a - \y/ ‘ T
. ~ at an angle with the handle. ’ ‘ = Y R .
UNIVERSAL JOINT Do |
‘ Selection of the typc of handle ' ' LN
. to use with a socket depends upon the : : B
‘Job. to be performed. rigure 16. Universal Joint . S

One thing to keep in mind whcn using seckets is that’ they should never o
be overstressed. Always use a.socket that is big enough for the job. A
3/8~-inch square drive is not constructed to do the heavy work which
should be, performed with a 1/2- cr 3/4-ifich square drive.

[} #
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L o . ", BOX END WRENCHES

%cln wrenches are called box end because they box or completely
turround ths nut or bolt head. This wrench is a bar with 2 12-point Head -

on each end.. .
01

A box end can bé used in close guarters to loosen or . tighten a nut or -

| bolt a minimum handle travel -of 30 degress is possiblq. In tighten-~

in® a nut or bolt, there is little change of the wrench slipping off. 1It.

is slower than other types of wrenches in that each time the nut is tufned
. the wténch has to be lifted and refitted to the head of the bolt. ‘

The wrench size is stamped on the handle (see figure 17). 'Notice that
the wrench ends are offset15 degrees for hand clearance whilk using the
wrench (figure 18). . J '

)

“ ““.5. :
y " Shank or Eandle

¢

Head

Figure 17. Box End Wrench Figure 18. 159 offset

OPEN END WRENCHES B

‘ Solid nonadjustable wrenches with openings infgdgh end are called
open-end wrenches. .

~

The size of the openings between the jaws determines the size of the
wrench. This means «the distance across the flats and not the bolt
. , L8 - .

diameter. . . g R
¢ ) T '
As you look at fthe open-end wrenches, notice that e head and open-
ings are at a l5-degree angle to the shank . (see figure 19).. This offset
makes it easier to work in i&gse quartérs, .

- » FE
L] .

L}

OSTANCE ACRON MLATS

. STAMOARD OPEN ENO WRENCK

Figure -19. Open-End Wrench P N~
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An elementary trick is that of *flopping* the wrench after every :
stroke, as shown in figure 20 - turning. it so the-other face is down’ and .
. the pngle of the head is reversed to £it ths next two flats of the hex ,
- put. This mpkes it much esasier to loosen or tighten ai nut. Ba sure the
M wrench fits the nut. A wrench that is too large will round off the nut.
Always pull on the woench, if possibie. . “.\\\ | .~ -

t

i

. — ,

" Figure 20. Use of Open~End &rench

‘Adjustable Jaw. The adjustable jaw m , .
wrench is similar to the open-end - ~ .
wrench, except that one jaw is move-
able, enabling a single wrench to
be used on several sizes of nuts or
. bolts (see figure 21). The size
of the wrench is determined by
the total length. Alwnys
remersber to close the jaws tightly
against the nut or-bolt before
~ starting work. If this-is not : . {-
; done, the nut or bqlt will be .

damaged by the jaws. Figure 21.  Adjustable Jaw Wrenches

. . o
Pipe. Pipe vrenches are used for turning pipe, round rods, or .
45 smooth fittings which do not offer a gripping surface for other types
of wrenches (see figure '22). However, since the jaws have teeth which
can damage the work, the adjustable stxag wrench should be used if mars )
are opbjectionable. . ‘ ' ‘ )

Allen. Allen wrencles are merely six-sided bars bent into the shape
of en "L." They are used to turn internal wrenching bolts and screws
(see figure 23).

Figure 22, Pipe Wrench ; Figure 23. Allen Wrench
\ : ) . - Application

In deciding which is the best wrench to use, study the job to be done
and consider the working space. Space and conveninece greatly dictate the
type of wrench you will use. Box end or socket wrenches are generally
considered first choice wrenches because they are less apt to slip.

&, - ) | 4 ’
- . v

-
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CLEANING AND CARE OF WRENCHES ’ R

- - .

" wash grease and dirt from wrenches with cleanan solvent. Wipn dry
with a clean dry cloth. Scour rust from wranches with crocus clothcor

. aluminum oxide abrasive cloth. Apply a thin coat of oil to hand tools
which show a tcndcncy to rust. ' ‘

[}

TORQUE mkvcns | o~

Most mcghanzcn havcti tcndnncy to overtorque. . That is why torque
wrenches wdre invented. A torQue wrench enables the mechanic to tighten
a nut or beolt with exactly the proper amount of torque. If7a nut is left
loose, it doés not hold securely, If it is too tight, it may break the
bolt, strip the threads, or put unnecessary strain on the parts bainq

held together. The torque wrench !indicates to the mechanic when tha
preselected torque value is attained.

Torgue wrenches should be tested for accuracy at least once a month
or as often asg usage r ires. After each test, torgue wrenches are banded
with a strip of color :q;‘ approximately 1/2 inch wide,: cant;‘ning the date
(month and year) plainly marked thereon. The location nf th tape is -
dliowa in figure 24. Torque wrenches are classified as a special tool, there-
~ fore are not issugd in tool boxes. THey may be checked out from a central

point in the orgainization to which you are aslignnd o ffg

A}

[ Ccior s.nd &

Figure 24. Torque-dndicating Wrench

' The Ball-Peen hammer (see figure 25) is often used by the mechanic to
shape soft metal with the peen end and hammer harder metals thh the face.
It is commonly used for driving chisels. -

This plastic hammer (see figure 26) is used when working with
materials which are soft encugh to be 8amaged by using other types of

hammers. This hammer is not used on nails, chisels, or vointed matal
objects'.

Figure 25. Ball-Peen Hammer Pigure 26. Plastic Hammer
. 32
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Do not grip near- the hammer head because this reduces the forg R
the blow. Grip the handle close to the end and strike the object with ..
the full face of the hammer as illustrated in figure 27. Hammers with

" cracked, bicken, or loose handles or a damaged face should be turned i E .
o into-aupply for replacement. i . B (. T
PLIERS 3
‘ Pliers of many types are manufactured for specilalized uses® Howivcr,
. joma typas have such a wide application that they are found in almost )
every mechanic's tool box. These are the diagonal cutting {(dikes), long
nose, and combinatian slip-joint pliers. Pliers are used when the grip
of ‘the hand is not encugh to do-the job and holding is necessary. Pliers
are holding tools and should never be used as toxquing tools. ’
. Diagonal cutting pliers (figure
28) are used for cutting wire, remov-
ing cotter pins, and spreading split
ends Of cotter pins after the pin
has been inserted. When cutting
cotter pins, cup your hand or lay a .
rag over the pins to prevent the “
loose ends from flying into your face. ' " .
. \§§
. long nose pliers (figure 29) are \\\\\\\\\\\\\\\\\\\
used to reach where fingers cannot or AN\
bend small pieces of metal to the o ahgrrect Correct
desired shape. \
7 Figure 27. Use of Hammer
~ T
/‘/ \ 4 )
Figure 28. Dpiagonal Cutting Pliers Figure 29. Long Nose
The combination slip joint pliers
(figure 30) are more widely used than
any other type. Theay are used for 4__'
holding stock, twisting and cutting
- wire, and holding hot or cold metal. L
S 1 30. Combinati ip~-.
Pliers may be cleaned with a pre- gure Jcin: Pig:rson Slip
“ scribed cleaning solvent, brushed and . :
wiped clean with a clean cloth. Lubricate pivot points with one or two
drops of cil. 1If jaws of pliers a&re worn, replace with a serviceable
pair. The size of pliers is detsimined by their overall length.
- ' SYEARS '

Shears are used for cfitting sheet S-tnl of various kinds. Figuré 31
illustrates severa! commonly used shears. Shears with curved blades are
convenient for making curved cuts. Scroll pivoter snips turn easily and

. follow irregular line readily. Bench shears are used for cutting metal
N of l6-gage or lighter. .
¥,
.8 y
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Figure 31. Types of Shears
COLD .THISELS
Cold chisals are tools used for chipping or cutting cold metal by

hand before its surface has been filed to a fit, Cold chisels are made of

a good grade of tool stecl, hardened at the point and sharpen to a cut-

ting edge. Chisels are driven with a hammer. They will cut any metal

softer than they are (in general, any metal that can be cut with a file).

Figure 31 shows several types of cold chisels.
-~

—
—

LU 7 .
b | = H "J VA
, FLAT \. care momowost i Ae0ne

Figure 32. Commonly Used Cold Chisels

. Chisels ars classifigd according to the shape of their point; the most
common shapes are the flat, caps, round-nose, ‘and diamond point., Best
raesults will ba cbtained if a type of cold chisel is selected that is
designed for the particular work to be done.

Flat chisels are used for cutting sheet metal. Cape chisels are used
to cut grooves, slots, and keyways. Round-nose chisels cut round grooves
and diamond-point chisels are used fo cut. V-shaped grooves.




‘ STOCK-HEAD SQUARE ' ' _

‘ ~ The Stock-Head square l‘t will be used ﬁy you more thah inf other .

e © layout tool. It -has four par®s. They are a graduated stesl blade, & - o
-stock head, level, and scriber (ses fiqure 3. | -

PROTRACTOR NEAD

" CENTERING NEAD

_ P IS
N - v
SQUARING NEAD \.

Figure 33. Combination Set

Graduated Steel Blade

. The blade is laid off in inches. The inches are then divided
into 1/2, 1/4, 1/8, 1/16, 1/32, and 1/64 of an inch.

The blade should not be nllaﬁnd to get wet, and it should be
kept lightly ciled to prevent rust. If it is dropped or thrown among
other tools, it may be damaged and, therefore, hard to read.

~ This stock head when used with the gradunéc'bladc, will enable you
- ‘ to "square” stock which is to be cut. It may alsc be used.to lay off

45~ or 90-degres. angles (see figure 34) and tb\thck-far leval. The ¢
. seriber is used to mark metal.

"']7“‘ A LJ Tl‘]!]‘]—]"’t]‘tl‘

Figure 34. Checking for Squareness

Centexr Punch

After the exact spot to be drilled has been ma:ied, the center punch'
and a ball peen hammer are used tc make a slight hole or dent in which to
start the drill (see figure 35). : ~

h
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> Figure 35. Center Punching
' .- HACKSAKS
Hacksaws are used for cutting metals in ﬁuch the sams way as a '
Carpenter's saw is used to cut wood. - '
Correct Use of Hacksaw g S | _ ) -
' : . . ' -~
The hacksaw should be held.
firmly to prevent blade from
“chattering” and. twisting: It
must also be held at such an
angle that at least two teeth
will be cutting at all times
(see figure 36). The cut should
be started with a light, steady,
. forward stroke. At the end,
’ of stroke, pressure should
be relsased and the blade drawn )
‘straight back. After the first’
) few strokes, the stroke should .
«+ be as long as the hacksaw frame Figure 36. Correct Use of Hacksaw
will permit, and no pressure 3 F
applied on the back stroke. Speed should be held down to 40 or 50 strokes
pPer minute, and never be more than 60 per minute. Just before the cut is
€inished, Pressure should be relieved from the hacksaw and the rapidity
.of strokes decreased. -
FILES ~
'“ . Filas are used for cutting, :moothfng. or removing amiil amounts of
metal. : _ . .
Types of Files : - ~ . ~
* Files are made with single cut or double cut teeth. Single cut files
: have only one set of teeth in parallel rows. Double cut files have two sets
~% _of testh cut at an angle to each other, forming diamond-shaped teeth, which
7 ecut faster than single cut files (see figure 37). ~ -
: 36 .
. ) . . . d




SINGLE -CUT FRLF . , —— :
- ooUsLE~CUT fiE . | g
¢ -

Single Cut o . , ~ Pouble Cut”

!‘ig‘u:n 37. Single Cut and Double Cut Files
. ?

The t;lc lhauld always, have a tight-tittinq handlc, or the pcggon
using it may be injured. If the file becomes clogged wifh metal particles,

it will not c¢ut but will scratch and mar the work. It may be cleaned with
a metal pick, or with a file card which is a form of stiff vire brush

(see figure 38). - _ f TN

.‘ | :
© Hand-Operated Drill * A R
™

Hand-operated drilll are used where the work cannot ht ttkqa to a shop ..
or when there is nc power-driven drill. Three domman Yand-cperated drilils
are xnown as the hand drill (egg, bcnt-r), the breast d:ill, and the brace \

(:cc figure 39).

[y

..i | . .\\\-

A s
File Card

roechs e sauct

File

TANCAL TFRBAL WS S B N
. .

Figure 38. Cleaning a File with Figure 39. Hand-Operated Drills | ~
File Card . . : . -
T L TAPS

Taps arc used to cut inuidc threads in drilled holes or a cylinder.

r"_'Fﬂ“—ﬁ‘ind.l of Taps ~ ‘

The three kinds of taps are taper tap, plug tap, and bottoming tap o
(see figure 40). ,

ﬂmm

Tapar Tap . Fug Tas Bottoming Tep
Pigure 40. Three Kinds of Taps
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“The taper tap is used to start all inside threads, and it may also . "
be.used to finish threading when the drill hole goes all the way through
the work. The Plug tap is used where one end of the hold is closed. The
bottoming tap is used to cut a full thread to the bottom of a closed hole.
" Neither the plug nor bottoming tap should ever be used to start a thread. .

#ropc; Use of Taps

The correct size tap must be used to thread a certain size hole, or
the threads may be cut too deep ¢or too shallow. A table of tap sizes
and matching drill sizes should be used for reference. .

It is very important that the tap be started straight and kept
straight. Taps, cspecially small ones, are easily broken if bent or -
strained. After the -tap starts to cut or “bite,” no pressure is applied,
because its threads will Pull it through at the proper rate. When cutting
threads in aluminum, a drop of lard oil and kerosene on the cutting edge
Protects the tap from damage and results in a clcangf thread. - ‘

: Extrame caution should be used
# When removing a tap from a hole
" after the threads are cut. Any «
side movment may damage the tap
Oor the threads.

If a tap does break while it is N {
\being used, if can be removed from .,
the hole with a small blunt cald : !
chisel or a punch. The tap will t
- Usually start backing out when the "
‘vchisel or punch {s struck.lightly -
with a ball-psen hammer. Once the i~
‘broken tap is started turning, it y :
can be removed with a tap extractor.
If there is no extractor; the broken . -
tap may be backed all the way out . ,
with the chisel or the punch (sea { . : :
figure t;kf;" , . Figure 41. Removing Broken ~
o : Tap with a Punch _ :
ELECTRICAL DRILL | ) A
5 : S ‘
The process of drilling holes in metal with an electrig drill‘fi it j
:iﬁgla: to drilling by hand excapt that the power:for turning the'drill is.. ;
furnished by an electric motor rather than by the operator. Figure 42 .
shows a popular type electric drill. Netice that it is equipped with .4
a pistol grip-type handie. " Some have spade type handles, and the larder
electric rills have two handles $p they ca.i be held with both hands ‘while
drilling. . T . - " o
. . ; ’ ,
M When drilling a hole, the Cutting is done by a drill bit made either Y
_ ©f carbon steel or a special metal for high-speed’ work. Bctprc’lggrtinq @
“to drill a hole, the exact centar shculd be marked and punched wi a
canter punch; this keeps the bit from creeping away from the desired hole
location. Next, the drill should be started by Plaging’ the point of the
bit td the punched spot and applying pressure. Aftex the bit: has just be
bagun to cut, it should be 1ifted from the work to be sure the hole is -
, started in the exact location. When drilling tHe hole, the bit should
always ba held at the right angle to the work,, and encugh pressure applied.
to keep the bit cutting at all times. Just before drilling through a piece; .
‘of matal, the pressure should be eased to prevent breaking the bit. ASter
the bit has gone through the métal, it ghould be withdrawn with the
drill running, ‘ 4 §
s . —

-if
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- Figure 43. Eléctric Drill” B ‘ R
Geared Chuck ‘ ' oo )
< . o
Otdinarily, straighi shank drill ‘ .
bits aré used in both the hand- ., .
_operated electric drill and“the ~
electric drill stand. Thaese bits ‘
‘are sacuraed in a‘key-type geared T
.chuck (see figure 43). The geared * , ‘
chuck automatically centers the - \ s T
-drill shank, Usually, the chuck is .
matched with the drill so that the .
‘chuck will open only wide enough to
receive the imum size drill for’ € \
the motor. Fér example; a 1l/4" ) ‘ . . . )
electric drill will have a chuck ' - . oW
L . < .
:gtfh will take up to a 1/4 drill Pigu;n 4. 5"5‘6 chuck T }
‘ ' ) h .. .
nnn.r. STAND ’ A e ‘. -
1 “ [}
A drill stand (spe tigure 44). 1141 in nccurntelyaloentinq and m;intain- :
‘ing the direction of a hole to be drilled, as well as providing the
cperator with an easy control for feeding the drill into the work. A ~
lever is p:évi{cd on the stand so the operator can feed thé dri3l into thc
'work with very heavy or' light pressure. When using the drill stapnd, care - = '
must be used in securing or holding the work while ;:illinq 8Q that it ' SE
does not nnwwkaround and injurc e operator. _ SRR :
" . ! . ¥ ER ‘
: . D "N . s
©g. BEINCH snnm:n . | .
riqé:5ﬁ¥s)shawn a connon type of bﬁnch grinder f:cqucntly used iﬁnm
rufrigeration shops for hand-grinding operationdé. Comkion use for such g
grinder is to - sﬂarp-n chisels, reface screwdrivers, qrfhd drills, remove
excess dstal from work, and smooth metal surfaces. =~ . PR Ly
PRI 2 co
» . . ' " (- : oL
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< . 1\ . : .
- - t ;
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.. _ Figure 44. ODrill Stand’ Figure 45. Bench Gt inder

' o When using a grinder, the work should be held firmly at the correct’
 angle on the rests provided and fad into the;vheel with enough pressure to TN
« " remcve the desired amount of metal without generating too much heat, oo .
'Métal to ba ground should be fed against the wheel with both Hands.., The N
‘4 - .hand should never cdme within three inches of the whedl. , b ‘ L

©  Before using & bench grinder, bé sure the wheels are firmly secured
. to the spindles by the flange nuts and that the work rasis are tight,. ,
Gleazr goggles must always be worn, even if eye shields are attached to the =
grinder. Xeep in mind that it is unsafe to use a grinder without wheel
g:agdl. Also remember that it is easy to run your thumb or finger. into
_ &he %hesl. Wheel rest guards should be adjusted to within 1/8 inch of
.. .':g;.‘q:;ndmg vheel. ~ . . . "Yf'*‘-- ;o
- B % ) . - .
SUMMARY - K . £
. There are many types of hand and measuring tools. with which you will .
pexform youxr job. Some of these. tocols are the screwdriveg, hammer, . .
wrenches, chisels, and pliers. Each toocl has its own particular e
‘application and must be used for that purpose only. . )
. . . . LN . :
' . Modern equipment would be .useless if accurats measuremdnt and adjust- - - .
T ment could not be made. In your career field, freguent use of measuring ¢ -
& togls, such as rules, and torque wranches, will be necessary. ",

e .

i, ! (mols must be clean. Carg mist be taken to use the proper type and
27T size tool, for 3 particular job. Tools should be stored properly so they
ﬁj_' will nﬂt‘gn damaged while not in use.

. Raienmber, regardless of the type of job to be done, you must select . e
'+ and correctly use the proper tools in order to do your work quickly and . '
- sccusately. ¢ . 5 .

[
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'QUESTIONS . o "
1. What is th‘c‘natninq-c;‘\g "t.orquc"? ’ ‘ : ‘ ) <

2, dhat are. taur typas of'urunch hlndlcl dcsigned for. use with’ sock-ts?
‘3" What typc of pliers A:c unualiy usad for cuttxng wzrc?“ﬂ
¢. why must a scrnudrivcr be held firmly against the screw slot? ™

s. Why is a pips wrench suitable fé\ltu:nxng pipe¥or raund :cds and not
suitable 'for uses ¢on nuts and bol

. s
€. To what fractional part of an inch are most ruie; graduated? : .

&

7. Hhv should a spct bc marked with a center pgnch‘bcfara ¢ri111&g a 1
hole? . , 4 .

- L]
!

B. when should n.drill stand be used? . Q S ‘

9. What precautions must be taken before using a bench grinder?

10. wheel rcit.gﬁa:dl must be adjusted haw’clo*p to th? grigde} wheel?
REFERENCES .

\

1. T0 32-1-101, Maintenance and Care of Hind Tools

2. .TO 32-1-151, Hand, Measuring, and Power Tcdls, ‘ ,\ﬁ
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OBJECTIVE : ' :

", To halp you in learning:

- The types and characteristics of copper tubing
- = The s and purpose of refrigeration fittings
- Tube fabrication

- INTRODUCTION

Tubs and pipe are used .to transfer liquids and gases throughout
refrigeration and equipment cooling systams. Soms of these lines must

. withstand pressures up to 500 p.s.i., and others must withstand as much as °
+ 29 inches of vactuum. o

, When installing copper tubing, select a pathlthd: requires At least .
one bend. This is to help eliminate work-hardening caused by vibration
and to allow for expansion and contraction due to temperature changes.

Refrigeration work requires cutting, bending, swaging and flaring
of tubing. The serviceman's success depends to a great extent upon his
skill in performing these operations accurately.

COPPER TUBING
The sase of handling and high heat conductivity make coppeX_tubing.
f\‘ highly desirable for use in refrigeration, plumbing, and heating
installations. - _ K :
Although copper tybing is in wide use, there is an unusual amount of

" confusion concerning its terminology and use. People who have handled and
used copper tubing and fittings for years still make mistakes concerning

43
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the sises and application of the different typél. To correctly identify RS
- copper tubing and fittings, you must consider letters such as "X," "L¥, . -
and "N" and terms such as soft driawn, hard temper, hard drawn, annealed

and dehydrated. Annealinlg is the process of heating, then slowly cooling
the tubing, resulting in the tubing being soft. - '

Types of Tubing

. “X" has the thickest wall. It is normally used in steam heating
and high pressure systems. When using this type tubing, you must remember
that outside diameters remain constant as the wall thickness increases

and ingide diameters decresase. This may require using the next larger
size to accommodate the required liquid or vapor. N

. Type "L" is used in refrigeration systems in sizes above 3/4 inch.
Soft-tempered type "L" tubing is used to make continuous coils because it
is so easily bent. On scme installations this type tubing is used to
connect a remote condensing unit to the evaporator. The ease of bending
eliminates cutting and soldering. This allows installation time to be .
reduced to*a minimum but doesn't make a very attractive system. Hard
tampered type "L" is used for mains, herders, and risers, and should be
used in any area where the tubing might baec damaged.  The use of hard
temperad tubing and soldersd fittings maked very attractive installations
and should be used where appearance is a factor. '

.

Type "M" tubing has a thin wall .and is suitable for low pressure work
only. It has been widely used for sanitary drainage and may be used for
interior water supply in some areas. This type of tubing is manufactured
in hard temper only and in sizes 3/8 inch 0.D. and above.

Type "M" tubing should never be used in the refrigeration system.

'\ Type DWV tubing has the thinnest wall of all. It is only recommended
fo@ installations without pressure such as drainage, waste, and vents. -
About the only place where the refrigeration serviceman can utilize this
type of tubing is in condensate water disposal. : :

' Type “refrigeration sarvice™ is manufactured spécifically for use in
the refrigeration industry. The wall thickness is somewhere between types
. LY and "M". This type of tubing is manufactured only in sizes 7/8

“inch and under. It is furnished in soft temper only and is packed in
50~foot rolls,  The tubing is cleaned, dehydrated, sealesd, and annealed at
the factory.. The use of this special refrigeration tubing helps eliminate

Problems of moisture and foreign particles ‘n the refrigeration system,.

Commercial tube cannot rightly be called a type. This, term is used
to refer to any copper tube made to a customer's specification rather than .
standard specification. Commercial tube is used in prefabricated evapora-
tors, .condensers, and packaged refrigeration units. It serves very
satisfactorily ‘as long as the manufacturer makes surs the tubing will
withstand the pressures and temperatures that the finished product will
be ‘expected to handle. _

. Refrigeration service pgaplcﬂlhould never usa commercial tube wnless
they are very sure of the pressure and tamperature range.

Temper | '

v When speaking of "K," "L," and "N" tubing, thers is some tendency to
talk about *goft drawn," "quarter-hard," "half-hard,” and "full-hard.”
However, for all praetfenltpu:polcl, these types of copper tubing are
either hard or soft; the in-between tempers ars not signifigant to the
saerviceman. Remember, refrigeration service tubing is alwayw soft . .
drawn. - ‘ A4 | ‘

3
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nncel-lnd.ﬂ uo:kinq ptnanu:cs *er hard and soft tubing in a/qiv‘n e
size are identical. Ths fact that soft: tubing can be bent cnatly qxv.s .
a false inpruluian that it is weaker. ¢ , ’

: . . ‘/ L
- e ' . . . /‘ ."

Color Code . o S : R B
. o / L&t
As an aid in :cducing.-iltlkcl as to the type of cepgér tubing,
manufacturers are now:color-coding all standard sizes of copper tubing.
In some cases, the usual identifying words will be in cblor. in o o
cases, a continuous colored strip appears on the -tubing. In most /Cases,
coils of rcfrigerntion sexvice tubing are idcntificd byt the color of the
carton. , R »
The|colors adopted by the Copper and Brass Research Association are:: &
Type K - gresen ‘ : < i* ‘ - o ;J'.
TYpe L - blue ) R ‘ Lo )
Type M - rad ‘ R . «
- Type DWV - yellow o s : : 5
Type Refrigeration Service - crimson . : '

ALUMINUM .

High heat conductivity and lxght waight makcs alumxnum tuh;ng
widely used in the manufacture of evnparators for domestxc (hogsehcld*;
refrigerators. . ;
)

STEEL o -
Strength and high heat conductivity “is the reason st§;1 ‘has - become
the prime metal used in condensers for domestic refrigerators® AS most ;

domestic :lf:xgcratorl have the corndensers mounted on the backside, the
condenser tubing is prone to be bent or ‘'mashed in the movemedgfof the
: refrigerator. The introductxon of steel in the maanac%urc of-'dondensers
~— has roducnd this problen. 4 . N

<

Black Iren ‘
N Black iron is used as the metal for refrigerant lines in systems ,
4 emploging ammonia as the refrigerant. Ammonia will corrode copper tubing. *

Ordering Tubing and Fittings .

One of the most confusing things about using ceopper tubing is the °
fact that plumbers use I.D. sizes and refrigeration people use O.D. sizes.
If a plumber orders 3/8-inch tubing, he expects to get tubing with a e
3/8~inch I.D. Refrigeration people ordering 1/2-inch tubing will get the
same size. That is to say, 3/8-inch I.D. tubing and 1/2-inch Q0.D. tubing
are the same sizé. s . ' "

It is very obvious when ordering tubing that you must indicate
whcther you want an I.D. or O0.D. size.

The problim becoma: even more involved when fzttings are ordered.

y wholesalers list fittings by I.D. size only. When refrigeration

///;:§p1- order fittings, the supplier converts the order to the appropri-

ate size. However, very often the purchaser has alresady converted in
his own mind and has orderxed fxttings based on his own tubing size. Not
realizing this, the supplier covartl again and the refrigeration man gets
the wrong size. & _ ‘ s .

R
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e This is a bad situation but we cannot change it so we must live with ,
.+ 7 it. The only thing tHat can be done {s ¢tCc make sure our order clearly . ’ e
identifies the tubing as to -type, temper, use, and vhether the size
. is I.D..or 0.D. ‘ . ‘ . * . ‘
A typical order for Pnfrigcfation tubing should read: - } “
Tubing - copper, 1/2 inck o.b., anncnihd.\dqh?drat-d,*and sealed.
’ In 50-ft' roll for refrigeration Wwork. . ° .
‘For hard~drawn tubing, the order should read: - =
h Tubing -~ copper, type’ "L,* 1/Z inch 0.D., har ~drawn, sﬁ%aighg, . )
. in 20-ft lengths for {g:fiqeration k. ) P
o . . 3 . . . . ) . N ( N . .
‘ with this information you can be lﬁrc of getting the ‘cogrect size )
~and type of tubing for use in refrigemmtion systems. : C o T
\ M “ - S
. . TUBE FABRICATION = P e , I
. ., . ] . e . (‘ . ) A~ . . »
o The‘fahricgtion of copper tubing is one of “the basic<r¢lpoggzhilities
of the refrigeration specialigt. Unless 'thé copper tubing is cut, benty
flaved, and swaged correctly, connections will lsak and the refrigeration
system will fail. . : o / '
Tube Cutting - - . : ‘ ) -
al d , : ' S N T ‘ ,
To cut ‘tubing, use either a“pack;kh or a fube rutter. The tube cutter . {

is preferred because a nfuch smoother cut can be made with it

., TUBING CUPTER Yoo .
* K ' ' ADJUSTMENTY WNEEL

. ) o L. ]
The tubing that is denerally ;used ‘

for refrigerahlon'ggtk can be cut | . P
with the tube cutter. Tubing may- °, Lk
be cut*fo exact langth by placing -
the cutter wheel on the measured )
mark (see figure 46) and turning :
the cutter slowly arocund the tub-
ing. After each turn of the cht-
ter, additional pressure (about .
1/4 turn on handle) is applied to the
cutter wheel until the tubing : -
is cut. Excessive tightening of the
cutting wheel will leave burrs on -
the inside of the tube; cause it y
to collapse, or become out-or-round.

' A ‘sharp tube cutter will leave|
little burring on the inside of : &
the tubing; howaver; most cutters , ' . }
have a reamer 3s shown in figure 47. N . - !
The' reamer is used to smooth the : :
"inside of the cut. When the reamer-
is not in uge, it should be turned

P . arpund to prevent injury to the ' T v } ‘
opsrator. The tubing should be &:::EE;:]:gi \ K
ST Held in such a position as to : .

insure that no chips or filings | . . s .

‘.' 'y B
fall inside :he tube. . Figure 47. .Usingathe Tubing -
R Cutter Redmer

B 6 | . - |-
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- If a soft tuhing is used, the ends of the portion not to be used
‘'should be crimped, capped or ‘inch‘cd td keep it clean and free from
* moisture for further use. If hard tubing is used, the ends should be
capped or plugged. '
.~ Some tube cuttars have a specially designed flare cut-off groove

in the rollers. If a flare should become damaged and need to he removed,
the flare is fitted into this groove and the blade cuts it off at it

bass with very little waste (see figure 48). ‘

*

Fighre 48. Using tNe Flare Cut-Off Groove

B If a' tube cutter is sprun§ out of shape, the wheel probably will not
track around the tube. It may cut a thread instead of staying in the
' same groove. Therefore, it is important that you take care of your
Tcutter. L

' If a hacksaw is to be used, a
dlade of 32 teeth per inch is pre-~
ferable: Extra care must be taken
to insure that the cut will be*
square. This can be accomplished with
the use of a miter box as illustrated

in figure 49. After the tube has -
been cut, its ends must be reamed -
or freed from burrs.

- Figure 49.. Cutting Tubing with a
' Hacksaw ‘

&

Tube Flaring

. The first and most important step in flaring is the preparation of

the tube. The ends of the tube, both inside and cutside, should be
smocth and completely free of burrs,. If this is not accomplished, it is
almost impossible to produce a leak-proof connection. .

! A flaring kit consisting of a flare block and a yoke is used to pro-
duce flares (see figure 50). Special precaution should be.taken to
- assure that these tools are nIgay|~clnan and in good condition.

To produce a flare of the correct size, the tube must be inserted
into the flare block so that it extends above the surface of the block a
distance equal tqQ the depth of the bsvel in the flare block (see figure
51). The yoke spinner should then be tightensd down on the tubing end
_approximately three-fourths of a turfl and back it off approximately one-
fourth of a -turn. Tighten it three-fourths of a turn and again back

off one-fourth of a turn. In this way 1 flare of the correct size and
contour is made with little or no danger of cracking the tube.

-
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Figure 50. Using a Flaring Kit Figure 51. Recommended Allowance
. , ) ., for Flaring

The flare is shaped to about seven-eights of its full contour so
that when is tightened into its fitting, the flare will assume thes
shaps of the fitting, The spinner should never be tightened too much
under any circumstances or the tghc wall will be thinned and ‘weaksned.

* A completed flare should £ill 75 percent of the flare seat inside
the”flare nut. The completed flare should not be large encugh to come
in contact with the threads inside the flare nut as copper particles

taken ‘from the flare may prevent a leak-proof connection.

Care should be taken to insure that the flare nut is installed on
the tube’before it is flared because it cannot be lnstalled aftar the
flare has bedn made. , .

9

Tube Bending ' ?

. Considerable time and attention must be devoted to practice in order
to become competent in bending tubing. The smaller size tubing that
will be used in domestic refrigerators can be bent easily by hand.
Howsver, & much neater and more satisfactory bend can be made with
special tools. Care should be taken when bending tubing to maintain the
roundness of the’tube and not allow it to flstten or collapse. This may

-be accomplished by beading the tube into as largs a radius as possible.
‘The minimpum radius that tub#ig may be bent is five times the diameter of

the tube. However, if possible, the tube should beq bent between five
and tan times the diameter. The complete bend should not be made in

one operation, but should be made slowly so as not to place too much
strain in any one place. All types of tubing.are easier to band if they
are annealed. However, hard tubing ¢an also'be bant if the proper tools
are used. When bending soft tubing, precautions should be taken because
the more it is worked, the harder it becomss. Thsrefore, you should -
determine where the.hend is to be made before starting the beand. If for
any reason you should need to straighten the tube after a bend has been
pade, it is necessary to anneal the tubing bafore attempting to
straighten it .



Hand bcndinq may be ﬂccumplithcd with the aid of a round block o: a

abort saction of a large pipe, but toc form & bend with a4 high degres of o

accuracy, lp-cial bending tools must be used.

A tube h:nding sp:inq oAy bt

used to bend tubing by hand when

a high degree of accuracy is not ' ) .
required. These springs (see ‘ :
figure 52) come in all sizes 7/
and are made for both internal (((((((((«(((((((((«((((((\m)m
and external use. The internal :
spring is for use near the ends
- of the tubing or flared tubing,
while the external is best used
in the middle of long lengths of
tubing. The purpose for using

these springs is to pravent . -
buckling of the tuh;ng. Figure 52. Tuhﬁfsendxng Spring

Thc~bcn§inq spring has a tendancy to bind on the tube. This can
be eliminated by twisting the spring to cause the external spring to
expand or cause the internal spring to contract. It may also be elimi-
nated by bending the tube slightly farther than is desired, and then
backing it up to the desired angle. This will laosln the spring, thus
enabling it to be removed very easily. , B

Another type of tube bender which is known as the lever type (see

- figure 53) is useq to make bends in tubing when a high degree of accuracy
is required. Many times installations are made in close areas such as
closets or under staircasses or foundations, and bends must be made at
specific angles in order for the tubing to connect the units. Not only
does this tube bender provide an accurate means of fabricating bends, but
it also helps to make a neat installation. Although the lever type
bender is light in weight, it is also very strong and durable.

90° Mark coincides
with mark on block

A dend of 90°
done as shown abdove

Figure 53.  Lever Tube Bender

Gear-type tube benders are especially valuable-for bending hard drawn
. copper, stainless steel, and cther types of hard tubing. They alsc offer
advantages in that they are compact and easy to operate (figure 54).

)
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Figure 54. Gear-Type Bendar

The 4ear ratio of ﬁhil type tube bander makes it easier to bend all
types and sizes of tubing. The gear-typas bender is qaq-rally smaller than
2 lever type of comparable size. - :

£

- FITTINGS

Fittings are used to join twc or more refrigeration lines together or
to connect one ¢. more lines to & unit. While all fittings have the same

- purpose, they may differ in composition, type, size, thread, and shapa.

Fittings used in a refrigeration system nay be made of several kinds
of metals, depending on the type of refrigerant used, pressure on the lines,
and size of the units. ) ‘ ‘
Types of Fittings

Common types of fittings used in refrigeraticn systems consist of
sweat, flare, and pipe. . k

Refrigeration flare type fittings differ from aircraft and commercial

'fittingl. This difference is in the cone angle: therefore, nc attempt

sholld be made to substitute other fittings of this type.
Figures 55, 56, 57, and 58 are illultriﬁicns of refrigeration fittings. ,

Study these illustrations to become familiar with the fittings: you will be
required to use this information many times in this coursse and in the

2 6 W ¢
CAP ) ..

field as a refrigerant specialist.

NIFLES

€ B

NISHING
UNiOn

0w Chmy

STREET ELBOW - STRATONT TEE ‘, >
' oo : STRAIQNT CROSS
Figure 55, Types of Pipe Pittings _ N
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COPPER TUBNG |
T COUPLING
COUPLING (copper-to-capper)

\ m 90* ELBOW (copper-to-copper reduction

. 90" ELBOW [copper-to-coppar)

45° ELBOW (comr-tp-ceppcr)

q E\ STANDARD
ELBOW MPE COUPLING reL

-

COPFPER TUBING -

ELOOW STANDARD Pt
COPPER TUBING .

90" ELBOWS (copper-terstandard pipe) CROSS (copper-to-copper)

)

Figure 56, Sweat Fittings (Copper)
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FLARED COPPER TUBING

— ’ e
AL i @3

-
-

HEAVY UNION
cu‘u NUT . rirg
UNION - W5 1O WS . s
ripE
. COUMLING =tumd
' MEAVY
TEE FLARE NuT

s £

—

FLARED COFPER TUSING

FLARED COPPER TUBING TEE REDUCER . MF TO MF TO MPY

(1 1

FIPE
A NION NE
COUPLING N LF U IQ FLAIE NUT

NALF UNION I!N(H - METO MPT .

o MEAVY
FLARE NUT

‘ FLARED
RiPE *  TEE CQFFII'

TEE . MF TO NPY TO MF#

nnvv Co A @::
FLARE NUT

ADAPTER

THMREE -WAY
FLARE TEE

I'L ARED COFPER TUBING

TEE - MF TO MF 10 MF ‘ PIPE E: "En

o
TUBING
ADAPTER - MF 10 FrY

Figure 57. Flare Fittings (Brass)
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o
mm: FROBT NG o ‘orl? “m%
~ SNORT FLARL Myt
COPPER @ -t
TUBING FLARE NUT
PLUG 3§
90° LLOOW . ¥ TO WF x
MUE - BF
s )
- FLARED COPPER TUBIN
. - .
-I
STAH?MQ ADAPTER NEAVY FLARE
i PIPE . NUTtT
' ARAPTER - MF TO FPY ,
A Y
Y ‘ m‘: st.::gu REOUCER m- entn
P FLARE
: , FITTING  CAP NUT
FLARE NUT . ¢
UMON REDWCER - WF TO NF . G:E-]
/ . FLARING NUT CAPS
. . Figure 58. Flare Fittings (Brass)
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JIRON PIPES
Iron pipe is used in the refrigeration industry in three mijor applications.

1. Insecondary refrigeration systems, it is used to trarisfer water or bring from
the chiller to the cooling god. * . &

2. Inprimary refrigeration ‘systems, it is used t‘d‘ tranafer the water from the
. condenser to the water tower and buck, : ‘ ' -
3. Insystems using ammoniz &s a refrigerant, it is ntcc;ury to use black iron

pipe because ammonia corrocdes copper. )

Swaging-is the process by which the end of the
one piece of tubing is stretched or expanded in
order that the end of another piece of tubing of the
same size will fit into it. (See figure 58.) The
joint will then be sealed by soldering or brazing.
By swaging the use of a fitting {s eliminated.

The most important factor in joining tubing is Figure 59. Swaging
to have proper clearances between the parts. An :

easy slip fit with the tubing should approximate 4 , ,

the range of ,0015 to .005 inch. To ingure Proper centering of the male part, insert it
80 as to evenly contact the shoulder of the swaged member. This insures a unifor
distribution of the alloy, with no voids and prevents the alloy from dripping into thé.
inside of the tubing, where it could cause a restriction in the tubirg or even equ ment
(hmage. » , .

Swaging can be used in close places, where there is not room for fittings. A good
swige connection will reduce the possibilities of lesks. ) .

The swaging kit consists of a swaging punch and & swaging block as illustrated in -
figure 80. The swaging punch has a small portion (called a pilot) which fits easfly into
the inside of the tub'g, and a tapered lead which connects this pilot with an enlarged
portion which is sl _.itly larger than the outside diameter of the tube, ‘

-
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- Swadu should he aeeompulgod as fouo\u

l.’  Ush hehidc ct block (lidt opponﬂc bcnn :
' g - 2o Clamptuhl intoproporllnhole inblock.

{ A

3. Extcnd tube above block a dhtncc equal to the distance from the botfom: o! tho
: :\ngtnc punch to the top of the bevel, as fllustrated in figure 61,

4. Hold \ﬁoct ﬁrmly {n hand.

5. Using 2 hammer, drive the swaging punch into the tube (swnglng punch should be
turned sughtly.mer each stroke.

The completed awage wm have an ingide diameter slightly larnr than the arigimt

v "outside diameter of the tuhe and should always have a depth at 1dast equal to the orizlnnl
: ) mtdc diameter. J

”«

Figure 61. Swaging Block

A swage should not be made within one inch of the point where a ﬂméor 2 bend is
located.. The swaged portion of the tubing will have s double thickness, making & very

- difficuilt to bend. In flaring, it may be impossible to slip the flare nut back far enough on
the tube to properly clamp the tube into the flaring block.

N swaging iz properly acco mpnlhed, it will make a connection ltronger than the
‘ tubing itself.

All rdﬂnration specialists must have a very good understanding of tube fabrication.
This must include such things as measurirg, cutting, narinc, swaging, and bending.

\
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QUESTIONS
1. Why should all copper line; contain one bend?

2. What are the five types of copper tubing? e
3. What is the largest si..e of refrlgeration service tuhing obtainable?

4. What is the)coiar code of refﬁgenum service tubing ?

5. What are two common.types of refrigaration fittings?
g. To make a flare, how much of the tubing should extend above the ﬂaring block?
7. How is the term "annealing' defined? .
K REFERENCES, | ‘
1. Imperial Tube Working Manual
2. Copper Tubing - FrankJ. Versugi
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» SOLDERING
OBJECTIVE
To help you in learning:
« The terms used with the oxydcetylene and hydrocarbon torch
- Safety precautions

- Use of oxyacetylene torch and hydrocarbon torch ,
- Soft soldering, silver brazing, and aluminum brazing -

©

INTRODUCTION

1t is the refrigeration specialist's job to make silver. brazed soft solder, and
aluninum brazed joints and connections. This type of work, at times, requires the use
of axyacetylene equipment. ‘ ' :

The equipment used for the ocxyacetylene torch consists of a source of oxygen and
acetylene, two reguiators, two lengths of hose with fittings, and a torch tip. In
addition, a friction lighter to light the torch, gloves to protect thehandsand wrenthes
for the various comnections on the cylinders, regulators, and torches.

HYDROCARBON TORCH

A portable hydrocarbon tarch (see figure 63) is usually used for heating materials
to bé soldered. However, if a hydrocarbon torch is not available, other sources may
b . used. K '

The major cmpm;nt parts of the hydrocarbon torch are:
1. Torch handle .

2. Stem (Tips)

3. 'i!egulator ‘

4. Fitted hose

57
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f. Attach ragulator to tank. x
Tighten nut with wreack. -
2. Attach hose assembly to
regulator and handis. ~
Tighten nuta»nith wreach.
3.- Attach stes to haadle. .
Tighten the coansction nut,
with your fingers.
Figure 62. Hydrocarbon Torch
Methods of Soldering
Thewe are two soldering methods: the direct flame method in which the flame heats
the workpiece and the workpiece melts the solder, and the indirect flame method, In the
indirect method, the flame heats the soldering iron. The iron in turn heats the work- '
plece, and the workpiece melts the solder. -
A hydrocarbon torch or an oxyacetylene torch can be uled for the direct flame. )

method, For indirect soldering, a soldering iron similar to that in figurg 63 can be ' »
used, ,

SOLDERING

It take considerable time and practice to become competest in :olderns Soldering
is the process of applying a molten metal to hot metals yn! are not molten. The hot
solder'flows into the pores of the etals being joined and as it changes state from a 2
liquid back to a aolic}, a strong jqint is obtained. ‘ ,

To salder satisfactorily, the surfaces to be soldered must be very clean and must
remain clean throtghmt the soldering process. Also, a sufficient qnantity of heat must
be used,

In loldermg copper tubing, the outnde surface of the tube and the ingide mmce of '
the fitting should be cleaned until the metal is bright. There should be no discolorstion, -
grease, dirt, or oxides remaining on the surface to be soldered. The cleaning method,
most genenlly used, is to clean the outside of the tube with steel wool and the inside of

}be fitting with- nnqnper wrapped around a round object, such as a pencil, .

‘ L,']

58 -



Y R :‘ . .‘: ' )
Use of Flux o S _ .

- SAfter cleaning, a thin nnﬂcrm conting:of nnncorrolhte ldd-rmc nux lhould he :
appﬁ.dtothc,mpcmahmhm-m-. Fix lhouldmtboappuedwithﬂnsera or.
any cily object. X the flux ig applied fo0 thickly, cess flux may form bubbles when
heated and pﬂnm the solder trom into the jm

When ulim flux, the fdpﬂx must
lu.rttce, if the flux wets the surfacé easily:

erved: apply the flux evenly to the metal -
smoothly this indicates the tube is clean
- and ready for joining. I the flux balls up and spreads unevenly, the surface is dirty and
. reqniru cleaning again,

In addition, the behavior of the flux when heated can be used as a temperature guide.
__ For instance, oag brand becomes white and puffy at about 600 degrees. At 800 degrees
* it smooths out and turns a milky color and at 1100 dqreenittumn clear and the bright
metal surface will shw through the flu:.

ot A noncoq-odu flux is an anﬁoxidm:s agent and can only keep the metal clean once
it has been cleaned mechanically, A corrosive flux must not be used in re!rigemtion
work, as it corrodes the metal. \ . :

A very important step in good soldering is that the materials being joined must be
hot enough to melt the solder. This is the only way that solder will flow into the pores
of the metal. After applying the heat, touch the solder to the metal to be soldered. I

. the metal is clean, fluxed, and of the correct temperature, the solder will flow into
the pores of the metala to be joined. ‘I the solder is Keated with the torch, a poor
: conniennn will ruult .

Soft Solder .
Normally, any solder that melts at a temperature of less than 600° F is referred to
as saft solder.

A 95-5 golder (95 percent tin and 5 percent. antimony) is recommended for refri-
geration work. This type of solder is referred to as a refrigeration solder.

Never use a solder that contains lead. The molecules of lead are so large that they
will not flow into the pores of the copper to make a refrigerant-tight seal.

SILVER BRAZING

Sﬂver brazng is the process of joining metals together by the use of a silver alloy
wi% 3 melting temperature between 1000° to 1150° F. These alloys contain around"
45% silver.

. One of the essentials of a braged joint is that there be contact between absolutely

_clesn surfaces. The f{irst act of cleaning may be done with a scraper, file, emery

cloth, or stedd wool. A metal that has been cleaned immediately oxidizes on exposure
“toair. The layer of oxide, no matter how thin, will not form an alloy with another

metal; therefore, brazing cannct be performed between oxidized surfaces. However, a

cmmdmmmmammmm reason, fluxes are used to help

grcnx oxides from forming. A good flux is necessary when silver brazing. The

needed to prevent oxides from forming on hot metals.
59
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Phos copper is another type of silver alloy and may be used to join copper to coppcr
without using flux. ' This type of.alloy has the flux or cleanihg:agest built into the ro¢

It 48 an advantage to use no flux when the tubing or parts. are joined in a system wbich ‘
should be kept clean.. -

¢

Remember: A clean, dry refrigeration system is one that keepa workim year after .

year without giving any trouble.

s and ".se of errent Mlovs ‘
s
It properly used, the alloya used to jein metals together will become twice as strong
as the metal itself, The alloys listed are all suitable for working with copper, the easy-
flo 3, sil-fos, and phos copper are considered best for low temperature bra2ing. Sil-

fos and phos copper are for use with nm-ferrous metals only and do not require the use
of a flux. ¢

Easy-flo 3 is 50% silver alloy, with the addition of 3% nickel. 'l‘he other my-ﬂo
mimbers give the percentage of silver {n the alloy also. Alloys with a' large spread
between the melting point and the flow point are easier to work with, since the alloy with a2
large spread has a better chance of making a good tight joint before it cools and sets up
hard. The following are different types of alloys and their working tempemtm-ea.

o MELTING POINT. FLOW POINT
Easy-flo - 50 11680 degrees 1175 degrees
Easy-flo - 45 1125 degrees 1145 degrees
Tasy-flo - U5 1125 degrees 1295 degreea
~~asy-flo - 3 . 1195 degrees 1270 degrees
5il-fos 1185 degrees’ 1300 degrees
Phos-copper 1304 degrees 1382 degrees

, Figure 63. Hydrocarbon Soldering Iron
Electrical connections are m}many soldered with a soldering iron. Tubing joints
are soldered by the direct flame method. Figure 64 illustrates the steps to be followed
when soldering tube joints. As with any activity, there are special precautions to be
observed when saldering tubing joints, as illustrated in figure 85. Study figures 84 and
65 well; this is one job you will be required to do very often.
80
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ALUMINUM BRAZING
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Mmmmumebutmdboddnmﬂwﬁumimmmbhgmchumm

" mluminum evaporstors. & is also more difficult to brage aluminum than other metals for

several reasons.

+st, the melting point of aluminum and the brazing rod are usually quite close.
For mmplc, pure aluminum has a melting point of 1218 degrees F. The aluminum
_ brazing rod (Eutec #180) melts at 1070 degrees F. A difference of only 148 degrees.
Therefore, extreme care must be taken when applying heat.

¢« Second, there is no color change to aluminum as it is heated and once the meltirg
point is reached,the aluminum tubhg begins to crumble.

The brazm rod and the ﬁu: used must be du&nad for the particular aluminum alloy ,
being joined or repaired. Altminum brazing rods are color coded on one end according to
their typo, and the manufacturer lists the proper flux for each type of rod.

. Itis mommended that the purehue of aluminum brazing rods and the flux be from

the same mamfactnrer due to the :“uirement for close compatibility between the rod
and flux.

LI
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! CLEAN, ROUND TUBING
! )
s W Clean the outside surface of the
tubing and the inside surfacs of the fitting
with stee! woel until surfaces are bright

and shiny. Test the and of tubing in the
fitting to make certain it is fred to : * b o S o
' extend full depth into the fitting surface: Apely heat to the 'jdint until it resches d )
. , ‘ ' the selting fdmpegature of the soider,- 3
N FITTING Tusing T
N .
»
' ) <
2 o —_
" Apply & thin layer of suitadle flux to the ’ :
entire outaide contact surface of the. 5 \ ‘
f fitting. -
. tubing and inside of the fitting faed solder thrwﬁ\m-‘uu of the

NOTE: 11 too much fiux is used, fitting.

Wen 2 continuous ring of
some will fall inside the tubing scider appears at the end of fitting,
and clog the strainers, filters, T

. the joint is complete.
and valves.

t

.
! . r w \ ". )
“ -y, o
ROTATE TO DiSTRIBUTE FLUX EVENLY
3 ' ]
insart the tubing in the fitting to Claam joints with wire brush, scraper, .
its proper position and rotats back and forth or emery cioth,

¢ ‘ to distridute flux avenly.

Ve N

Figure 64. Soldering Copper Tubing
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OXYACETYLENE CWBUS’I‘ION
The flame of a hydrourban torch will not heat the base metal hot enough for some

‘soldering jobs. Therefore, when silver soldering, it is ugually best to use an oxyacety- :

lene flame. The oxyacetylene flame is derived from burning pure acetylene in the
presence of oxygen. By using oxygen and acetylene, it is pmible to obtain a flame. hot
enough to melt all commercial metals.

i

OXyg'cn

Oxygen is 2 very common element and one we come in contact with dlﬂy. For
exampie, water is about 88 percent oxygen, the air webreatheis approximately 21 |,
‘percent oxygen, and the earth is composed largely of oxides which are compounds of
oxygen. Most of oxygen that is used commercially is obtained from the air. This is
“accomy lished by freezing the air at -317°F which npu-atn the axygen from the nitrogen
a.nd other gases. :

. Although oxygen will not burn, i¢ supports eomhuuon very aetively, more 80 than
air. This characteristic of axygen makel it dasirable to use with acetylese for brazing
and soldering. .

BRSNS |

Acetylene ' : \ ' o -
Acetyxd:e is the fuel-gas of the oxyacetylene flame. It is produced by dissolving

calcium carbide in water. Ca.lcxum carbidc is made by fusing limestone a.nd coke in an

electric furnace. N

Acetylene is ndt--ain ordinary gas. It has characteristics peculiar in itsgl,

‘It contains about 93 percent carbon and about 7 percent. hydrogen. When burned in
the presence of pure oxygen, it burns at a temperature of 6000°F. Acetylene not only
develops a large amount of heat, but also releases the hegt units so rapidly that the
highest temperature of the ﬁame is produced almost instantly. At pressures greater
than 13 psi, acetylene is unstabie and may split up or disassociate. When pressure’
causes the gas to split up or decompose, this disturbance of the molecules releases
. heat until an explosion of the gas is produced

. 4

It requires two and one-half (2-1/2) parts of oxygen to consume completely one
(1) part of acetylene. It is not necessary, however, to supply all this oxygen through
the torch, because a portion of the oxygen is derived from the air surrounding the
{flame. ’I'he torch is deaigned to st.tpply one (1) part of n:ygen to every part of acetwene
that passes through it. ,

. a - \
\-

Types of Flames

The oxyacetylene torch will produce three different types of flames. The
refrigeration specialist should be able to identify each of these flames and be able to
adjust the regulators and torch to produce the type of flame required for each
application.

. _ .
< . (; 2
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Use asbestos shield to protect walls and
squipment.

Move torch to distribute hest evenly on
fitting. This prevents overheating of
saal! area of fitting.

frotect vaives and other fittings from

sxtreme temperatures. VWrap & cloth
saturated in cold water around section

of tubing detween joint and valve. This
srevents heat traveling to valve.

Figure 65, Precaution for Soldering Copper Tubing

OQUTSIDE DIANETER

S L

I 0 ) S

‘/ H 1/2 inch

§

Check jaints for proper dapth.  Tubing
joints up to 7/16 of an inch in diameter
should have depth equal to ocutside diam-
ster of tubs. Tubing joints greater than
7/16 of an inch in diameter should have
dspth of 1/2 inch.

POROUS LEAKY JOINT

5
7

5

Do not use silver soider over soft
It makas a porous, leaky jeint.

salder.

Protect neardy soft-soldered joints when
aaking silver-soldered joints. Rag or
waste saturated with cold water prevants
heat traveling to next joint,
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NEUTRAL FLAME. When the oxygen and acetylene are equally mixed, a neutral
ﬂmq results (see figure 66) A neutral flame is ususlly used for welding and cutting.

A

Neutral Flaw -
‘ ¢

Luainous Cone

Oxygen Reddish Purple

Netal is clean and
Oxygen clear-fiows easily.

Oxygen

Figure 66. Neutral Flame

CARBURIZING FLAME. The carburizing or excess acetylene flame (figure 67)
~contains excess carbon. This ﬁame is usually used for heating metal for soldering
and bming. . | ;

OXIDIZING FLAME. The oxidizing flame (figure 68) results from an excess of
oxygen. We never use the nxidizxng flame in refrigeration. It is sometimes used by
~ . welders to melt rivets. K , '

arburizing flame
Oxidizing fiame
Less luminous
Green Flaxe
Too auch atstylene Cone shorter

ﬂ:ym
Desper purple

?u’/ Shorter

in s . Oxygen {A \ a[yg'n

P )
. .
' Oxypen Excassive fosming and
Orygen \‘, Netal boils and is sparking of metal.
not clear. _ . A
P a4 —
Figure 67. Carburizing Flame Figure 68. Oxidizing Flame

OXYACETYLENE EQUIPMENT

The major items of the oxyacetylene equipment used in soldering are oxygen and
acetylene cylinders, oxygen and acetylene regulators, gages, hoses, and torches (see
figure 69). Knowledge of all these items will aid you in becoming not only a good
mechanic but a safe one as well.
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a. Acetylene Cylinder Valve Wrench e. Oxygen Needle Valve
b. Torch Tip f. Oxygen Cylinder Hand Valve
¢. Regulatar Adjusting Screw g. Regulator Outlet Pressure Gage
d. Cylinder Pressure Gages h. Acetylene Needle Vialve
Figure 69. Identifying Acetyiene Equipment ~

Oxygen Cylinders

Oxygen is stored in cylinders of seamless steel made to withstand
high pressure. The initial charging pressurs of these cylinders at the
plant is 2200 pounds per square inch at 70° F. Oxygen, like other gases,
expands as it bacomes heated. Oxygen cylinders have a bursting disc on
the cylinder valve that will burst, should the pressurs in the cylinder
become toco high.

Acetylene Cylinders
4

Thare are several types of scetylena cylinders on the market. All are
made in accordance with specifications set up by the Intsrstate Commercs
Commission. The acetylene cylinder is filled with porous material which
absorbs acetone. Acatone in turn has the property of absorbing many
times its own volume of acetylene gas, thus the actylene is not in a
free state and is known as dissolved acetylens. Under such conditiogs,
acetylene can safsly be compressed to a pressure of 250 p.s.i. at 70" F.
Aceatylene cylinders have fusible plugs which melt when pressure and
tamperature become too high. '

Oxygen and Acetylene Regulators, ’

The primary purpose of the ragulators is to reduce the high pressure _
of the gases in the cylinders to the desired working pressure at the toxch.
Regulators also perform the function of maintaining a constant pressure
in order that the flame may be parfectly steady and uniform.

‘ i
66 |
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Most regulators are either of the single-stage type or thé two-stage type. Single-
stage regulators reduce the pressure in one step or stage, while the two-stage regulators
perform this same work in two steps or stages. Less adjustment is generally necessary
when the cylinders are being used with two-stage regulators. ‘ .

Regulators should always be turned off before turning on high-pressure gases to
protect the regulator valve seats, . .

Gages are parts of the regulatar assembly. There is one high~pressure and ane
low-pressure gage for eaclyassembly (see figure 69). The high-pressure gage shows
the pressure of the axygen or acetylene in the cylinder. The low-pressute gage indicates
the working pressure at the torch. , :

Hoses

The hoses that connect the regulator to the torch are built to withstand high internal
pressure. The red hose has left-hand threads and is connected to the acetylens .-
regulator. The green hose or black hose has rigrhand threads and is connected to the

~ .

oxygen regulator.
Torches

* The torch is the unit used to mix the oxygen and acetylene in the correct proportions
and to help control the volume of these gases burned at the tip. The torch handles are
designed with two needles valves, one for adjusting the fiIdw of acetylene and the other
_ . for adjusting the flow of axygen. ' K |

There are two general types of torches, the low pressure or injector type and the
medium or halanced pressure type. In the low pressure type, the acetylene may be used
at less than 1 pei. ) ‘ )

In an injector type torch, a jet of high pressure oxygen is necessary to produce a
iuction effect which dratvs in the required amount of acetylene. This is illustrated in
figure 70. In the medium pressure torch illustrated in figure 71 the acetylene is
operated at {rom 1 to 15 psi. These torches are designed to operate at equal pressures
of acetylene and oxygen. You will use this type of torch in this course.

£
weiding Nead Slommipe Nandle

-'E"_‘ -

CCOE
® Oxygen
B icetylene
B Nixes Gases

Figure 70. Low Pressure’or Injector Type Torch,
, .
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: . - e~ .‘ *‘ - = : .
co&i . . ' ewns . /l )
B Oxygen )
B acetylene . _ -

~ B wived Gases

Figure 71. "Medium or Balanced Type Torch

Torch tips a . S
Various brazing and soldering jobs require differences in the total amount and con-

centration of heat. To obtain this difference, most torches have several tips of various
sizes that can be exchangeti conveniently and quickly.

The torch tip sizes are designed by numbers and each manufactyrer has his own
arrangement for classifying them. The manufacturer's charts should be used when selecting
tips for different thickness of metai to be soldered or brazed.

Proper tip sizes and working pressures for the balanced-pressure type torch

Tip Size . Acetylene Pressure - ) « Oxygen Pressure
00 e . 1 psi 1 nsi .
0 1 psi ' * 1 psi
1 ~ 1 psi N .1 psi
2 . 2 psi ' ‘ 2 pd
3 \ : 3 psi 3 psi
4 ) 4 psi 4 psi
) 5 psi S psi
6 6 psi 6 psi

Torch tips are made of copper or copper alloy and are made so that they seat well
when tightened hand-tight. Torch tips should not be rubbed ACTOSS abrasive firebrick or
used as tongs to position work. When torch tips become clogged, ‘they must be cleaned with
torch tip cleaners. Care should be exercised in clagning tips so that the orifices are not
enlarged. A partially clogged tip can cause popping the torch.

CAUTION: Failure to tighten the tip in the handle or a scratched seat
can result in a flashback (burning of acetylene where tip screws irﬂ:o
) handle),

Inspection and‘Maintenance

Oxtyacetylene equipment has been designed to operate without lubricants. Visual
inspections for wear, leaks, and malfunctions should be made each time the equipment
is used, It is most important that equipment be kept clean at all times. The presence
of grease or oil with oxygen under pressure will cause spontaneous combustion. If
troubles do appear in oxyacetylene equipment, consult TO 3¢W4-1-5 for corrective. measures
to be taken.

r
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SAFETY PRECAUTIONS WHEN USING OXYACETYLENE EQUIPMENT

An important thing for one to remember whon performing an activity is to work - _ 2
SAFELY. The oxyacetylene equ’: ment is not hazardous, but it must be remembered -~ '
) that the mechanic i8 working wih gases of high pressure and the hottest flame known to
man.- In view of this, certain precautions are necessary for safety. 'The following are
precautions that a mechanic should know so well that they becomle automatic in his actions.
1. NEVER use oil on oxyacetylene equipment. Oxygen under pressure {s likely
_—_— to cause an expldsion if it comes in contact with oil or grease. X the threads
. ’ of a connection will not work smoothly, mérely rub the lead of 2 pencil on the : .
threads. Sufficient graphite will be deposited to provide lubrication. ' . '
2. Wear suitable clothing. Clothing should be fr¢e of oil and grease. If '
< clothing is of the type ghat will burn readily, {mse 2 leather apron, ‘

¢ s
- . : . :
3. Call oxygen by its proper name. Do not refer to oxygen as air, for if used
in place of compressed air on oil or grease, you may cause an explosion.
4. Do not refer {o acetylene as gas. Refer to it as acetylene.
5. Do not release axygen or acetylene in confined spaces. This sets up not only
a fire hazard but an explosive‘ hazard. , : ’
6. Wear proper goggles. Adequate eye protection should be afforded at all times.
- 7. Do not use acetvlene at pressure greatér than 15 p.s.i. Acetylene gas,

dissolved in acetone and contained in an acetylene cylinder, tends to disin-
tegrate and an explosion may resuit.

8. Use a fricticn lighter to light the torch. Although the torch can be'lit with
a match, serious burns can.resuit.

8. Do not use cylinders for supports or forming dies.
10. Never lay the torch down and walk off, leaving it burnirg.
11. Do nct burn the place down., Torch in careless hands can be dangerous. Do
not furn yousr hose or your buddy. Be careful and use common sense with a
ligh.ed torch.
12. Do not work on containers that have been used to hold gas or combustible
materials. If it is necessary to braze a container that has contained combusti- .
ble materials, steam-clean it thoroughly and drift dry nitrogen through it during
the brazing process. ' e
13. Do not store oxygen with acetylene, propane, gasoline, or other fuels,

M. Never transfer acetylene from one cylinder to another.

15. ¥ vou should start a fire, shut off your acetylene cylinder before doing anything
else.

- 69
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16. Should a flashback occur, shut off the acetylene cylinder and if necessary,
_increase the axygen to the tip.

=

co ‘
SUMMARY .

The ease of handling and high heat conducHvity makes copper tubing highly desir-
able for use in refrigerations systems. Copper tubing is divided into five different

types; however, the refrigeration specialist usually uses only one type and that is
refrigeration service.

There gre two main types of fittings used in refrigeration work. These are the
flare and sweat types. The flare type is used where there may be a reason for opening
the line at some future date. The sweat type fitting is usually cheaper and easier to
fnstall so they should be used wherever possible.

Q UESTIONS
»
1. What temperature ranges are required for the following?
: a. Soft solder

b, Silver solder
L4

o

2 .
How many parts of axygen are required to consume one part of acetylene ?
-
3. What are the three types of oxyacetylene flames and how can they be recognized?
4. What temperature is attainable with acetylene flame?

5. Oxygen is stored in cylinders at what pressure?

| 6. Acetylene is stored in cylinders at what pressure?
’é. What are regulators used fﬁr?
8.  What {s the maximum working pressure for acet' “ene?
REFERENCES

1. TO 34W-4-1-5, Welding - Theory and Application

2.  Prest-o-lite Bulleting 9514-3, F-8061-G, and 92995-D
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PURPOSE OF STUDY GUIDES, QKBOOKS. PROGRAMMED TEXTS AND HANDOUTS

Study Guides, Workbooks, Programmed Texts and Handouts are training
gggiications authorized by Afr Training Command (ATC) for student use in
courses. ,

The STUDY GUIDE (SG) presents the informatioh you need to complete
the unit of instruction, or makes assignments for you to read in other
publications which contain the required informatfon.

The WORKBOOK (WB) contains work procedures designed to help you
achieve the learning objectives of the unit of instruction. Knowledge
acquired from using the study guide will help you.perform the missions
or exer:ises. salve the problems, or answer questions presented in the
workbook.

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material
under one cover. The two training publications are combined when the WB
is not designed for you to write {n, or when both SG and WB are issued
for you to keep. : B

The PROGRAMMED TEXT (PT) presents information in planned steps with
provisions for you to actively respond to each step.. You are given
immediate knowledge of the correctness of each response. PTs may either
replace c¢r augment SGs and HB;. :

The HANDOUT (H0) contains supplementary training materials in the
form of flow charts, block diagrams, printouts, case problems, tables,
forms, charts, and similar materials.

| Training publications are desfgned for ATC course use only. They

are updated as necessary for training purposes, but are NOT to be used

on the job as authoritative references {n preference to Technical Orders

or other official publications. ’ ‘ 5 ‘ .t

~ERIC ,
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WR 3JABR54530-1-2-P1
) April 1875

LOCATING SPECIFIC INFQRMATION IN AFR 127-101,

OBJECTIVE

To be able to use AF Safety Publications and find selected information.
INSTRUCTIONS TO STUDENT |

Listed below are six (6) incomplete smemm taken from AF R 127-101, Industrial
Safety Accident Prevention Handbook. Using the alphabetical index in the back of

AFR 127-101, locate and record the missing information and specific paragraph number
in which you found this information.

1. Accidents do not happen without

2. The largest percent of all Air Force ground accident fatalities can be attributed to

3. Personnel working with or near machinery will not wear loose clothing,

or that may become tangled in revolving parts of machinery.

4., When using the abrasive grinding wheel, the tool rest will not be more than

inch from the grinding wheel.

5. Recommended weights which are considered within the safe limits for male and
female workers required to perform continuous or repetitive lifting in compact

forms are - pounds for male workers, and pounds
for female workers.

6. Most drill press injuries are caused by drills
or flying out of the spindle.

Have the instructor check your work.

Checked by
. ( ' Instructor

¢ /v
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What is the purpose of the 152 angle on the box end wrench?~,

,J

Portable and Installed Shop Equipment {

1. Identify the parts of the drill stand assembly by writing in each circle the letter
opposite the name or the unit (figure 1).

2. What is the purpose of the key-type geared chuck?




A. Guard G. Feed lever
B. Quill H. Motor
C. Lower table \ I. Base
D. Table J. Table clamp
E. JThuck K. Column <
F. Pointer L. Depth stop -
‘M. Quill lock
*
Figure 1

3. Why should the pressure be eased just before drilling through a piece of metal?

-

4. List two safety precautions to follow when using the drill stand.

a.

b-

6 Checked by |

Instructor
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IDENTIFYING COPPER TUBING | -
OBJECTIVE

When you have completed this project, you will be able to identify the different
types of copper tubing, as to sizes, applicatica and color codes.

1. The tubing samples on the bench are numbered. Identify each sample by writing
the type, size, and color code opposite the number that corresponds to the tubing
sample. Under application list when, or where the tubing should be used.

S‘“’H ;ple Type ?Zﬁ’; Size | Application

1




Sample -Cel
Nag | Type c‘;g: Size Application

2. Refrigeration tubing is sized by

Checked by

Instructor
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- | CUTTING AND BENDING TUBING

. OBJECTIVE )
After completing this project, you should be able to cut and bend copper tubing.

CUTTING

1. Select a roll of 3/8-inch copper tubing.

2. Unroll approximately 2 feet of the tubing. /

3. Meaéure and mark the tdhing 8 inches from the end.

4. Install the tubing cutter so that the cutter wheel is over the mark.

5. 1If a tube cutter is not available, what may be used to cut the tubing?

6. Tighten the cutter wheel siig;hfly (1/4 turn) against the tubing and revolve the
cutter siowly around the tubing.

7. Continue revolving cutter, tightening slightly (approximately 1/4 turn) after each
tu:m until the tube is cut through.

CAUTION: Be careful not to drop the cutter and tube when the
- ., cut is completed.

8. Remove the cutter and insert reamer in the end of the tubing. Revolve the reamer
until the burr is removed from the inside of the tubing.

9. Inspect the tube. If it is still rough on the end, smooth it very lightly with reamer.

. NOTE: The reaming procedures should be done with the open end of the tube
- pointing down so the filings will not fall into the tube.

BENDING TUBING 1800

1. Measure the exact center of the piece you have cut off and mark. It should be
4 inches. This is known as the ""Center Mark."

2 To make a 180° bend and have the legs of the bend the same length, measure back
to the left of the Center Mark 15/16 of an inch and mark. This is known as the
"Start Mark. "’

3. Select the correct tube bender for 3/8-inch tubing.

-~




" 10.
11.

R R I LS e L A 1 Ngery Sei vud

-

Find the radius of the mmlrel (that part of the bender which the tubing is bent
around). Locate the "R Index mark on the top handle of tube bender and the

- '"Q" Index mark on the mandrel.

Insert tubing into bender, making sure long part of tubing extends to your right
Place tubing lock on tubing.

Aline "R" Index mark on tube bender handle, Start Mark on tubing, and Q" Index
mark on mandrel

Bring handle down until "R" Index mark and 180° [ndex marks are alined.
Remove tubing from bender. )

Check the bend for accuracy.

Have the Instructor check your work.

~To make a 90° bend, follow above procedures, except step 3. Measure back 1/4

inch from Center Mark and mark your Start Mark. When making 90°bend bring
handle down until "R" and 90° Index marks are alined.

Checked by

Instructor

10
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IDENTIFYING REFRIGERATION FITTINGS *

OBJECTIVE: Wwhen you have completed this project., you should be able to
identify refrigeration fittings by type, size, &ud material; know how to
determine the size of refrigeration fittings: an?‘be'able to match
commonly used refrigeration fittings. ‘

IDENTIFYING REFRIGERATION FITTINGS

1. Identify the following illustrated fittings by writing in the correct
nomenclature in the spaces provided.

Example:

‘a, Fitting, refrigeration, br;;;. ? 3/8°0 | \ ‘ 1/2¢ 1D
y! é ; , ‘ Zfz /.. ’
M" ~PT Ivuz" ID

b. Fitting, refrigeraticn, copper, .’ -
' 12 | o
) . : i . 4
_ _ 1/2" 1D
c. Fitting, refrigeration, brass, )
j——“- o
/2 53 ] 41,2 OD '

5“/8"

‘

*
d. -Fitting, refrigeration, brass,

¢ . ) .

[os ‘

' 2
 Galv. 3/4" ID
F___ 4” __{ '

£. Fitting, refrigeration, copper,

x'/4L - o

g. Fitting, refrigeration, brass,

, 11
,j’\f)




h. Fitting, refrigeration, brass, :
| - 4 W,
| T
i. Fitting, refrigeration, copper, . H 1/2% 1D
I 1/2'" ID
j. Fitting, pipe,
1/2" ID
\ i
‘ X
- ’ . 4!0
2. Identify each of the numbered fittings on the fitting ring, (furnished by instructor) —
and record the applicable information in the following blanks. )
. Number o Nomenclature { Material
L, - - A\
2
3 .
4
5 \
. £
6 ’
7
.- 8
)
N
%
10 .
\T
[ J
? - 12 Sl i




Number

Nomenclature

Material

13

12

13

14

15

16

T

17

i8

19

20

21

22

23

24

25

26

27

28

29

30

31

7%
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1. Name the three main types of refrigeration f{ittings.
a.
b,
&
. c..
4. Name the two types of flare nuts,
. . |
a. -
b.
S. How are sweat fittings measured?
e < .
. : Checked by
Instructor
v
. f
e
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6. Tighten T -handle 3,4 turn moving the flaring face into the end of the tubing then
locaen, continue this procedure until the flare is completed.

7. Remove the ﬂmng yoke.
8. Loosen the wingnuts and remove the tubing.
9. Have the Instructor check your work. |
10. To fabricate a flare on the opposite end of the 90° bend, follow the above

procedures.

Checked by

Instructor

Swaging Copper Tubing

1. Ream both ends of the 180° copper bend.

2. Insert one piece of the copper tubing in the swaging block as illustrated in figure 4

fsnging
Tool’

Figure 4. Swaging Block
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FLARING AND SWAGING COPPER TUBING
OBJECTIVE

This px;oject will aid you in gaining practical experience in flaring and swaging of
copper tubing.

Flaring

A

1. Remove the burrs from one end of the S0° bend.

2. Place a 3 '8-inch flare nut on the tubing.

L]

3. Place the tubing in the flaring block (see figure 2).

r - Flare Black
Y p[
€ O \
- .
CEmY. OF Tubing D w
TNE BEVEL | !_’ .
- N -

Figure 2. Tube Installed in Flare Block

NOTE: The tubing should extend above the flarif\g block a distance equal to the
depth of the bevel. .

4. Tighten the wingnuts on the flare block as tight as possible with your f{ingers.

5. Insert the flaring voke over the flare block (see figur:a 3. B

= Flaring Face

TiHangle

Figure 3. | Flaring Yoke ' ™

s



- 3. Insert the proper size swaging
g tool in the tubing as illustrated
in figure 3.

4. Use light strokes with a ball-peen
hammer and drive the swaging tool
into the tubing.

NOTE: The swaging tool should
be turned slightly after each
stroke.

5. Remove the swaging tool.

6. Remove the tubing from thd swaging
‘ block. ‘ .

7. Have the instructor check y%;ur
work.

8. To fabricate a s'wa§e on the oppo-
site end of the 180" bend, repeat
steps 2 through 7.

- Checked by

instructor

17
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SOFT SOLDERING
OBJECTIVE: To be able to soft sokler a sweat f{itting.
SETTING UP AND LIGHTING THE TORCH
1. Connect regulator (B), figure 6,

to the tank. Tighten the nut securely
with a wrench.

2. Connect hose assembly (C) to the
regulator and handle.

3. Connect the correct size torch tip
(D) to the hanxle. Tighten the lock-
nut finger tight anly.

4. Open the tank valve 1/4 turn. Use
a tank key and {eave it on the tank.

3. Set the pressure adjusting screw
for the approximate pressure desired.

8. Light the flame (use a friction
lighterl.'_ Y T1.081

7. Readjust the regulator pressure Figure 6
adjusting screw to get the desired
flame size.
8. To shut off the torch, close the tank valve.
PREPARING COPPER FOR SOLDERING
1. Thoroughly clean both surfaces.
NOTE: Metal surfaces must be very clean before they will soft solder correctly.

The surfaces should be cleaned with steel wool or fine sandpaper. Rough sand-
paper or a file may cut into the metal and cause a weak joint.

L]

Apply a noncorrosive flux (salve type) to cleaned area.

CAUTION: This flux is very irritaiing to the eyes. Do not rub your eyes with
fingers after getting flux on them. '

NOTE: Do not apply the flux too fhickly as excess flux may form bubbles when
heated and prevent the sclder from flowing into the joint.

3. After the tube has been inserted into the fitting, revolve it once or twice to spread
the flux evenly. "
10 S/




“aw

7>

Light the hydrocarbon torch and adjust flame for soft soldering.

‘Apply the flame to one sida of the fitting. *

Occasionally test the heat by touching the fitting with the solder.

CAUTION: Do not let the flame touch the solder.

Remove the flame and apply solder tc the opposite side of {itting from flame.
NOTE: The metal must be hot enough to melt the solder.

Turn off the hydrocarbon torch.

NOTE: Most beginning personnel have a tendency to use too much heat and too
much solder.

CAUTION: Lift hot tubing with pliers and cool in water bucket on the workbench.
Have the instructor check your work.

Checked by

Instructor

The instructor will have you cut your completed joint to check the condition of the
soldered surfaces.

19
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HARD SOLDERING

OEJECTIVE. To be able to hard solder a sweat fitting.

SETTING UP AND LIGHTING THE TQRCH

1.

~d

8.

‘Open the tank valve 1/4 turn.

Connect regulator (B), figure 7,
to the tank. Tighten the nut
securely with a wrench.

’

Connact hose assembly (C} to the
regulator and handle.

Connect the cotrect siz¢ torch
tip (D} toc the handle. ’ Tighten
the locknut finger tightly only.

Use a tank key and leave it on
the tank.

Set the pressure adjusting screw
for the approximate pressure
desired.

Light the flame (use a friction
lighter). Figure 7

Readjust the regulator pressure adjusting screw to get the desired
flame sizs.

1

To jﬂut off the torch, close the tank valve.

PREPARING COPPER FOR SOLDERING

l.

Thoroughly clean bath surfaces.

Py

NOTE: Metal surfaces nmust he very clean before they will solder
correctly. The surfaces should be cleaned with steel wool or fine
sandpaper. Rough sandpaper or a file may cut into the metal and
cause a weak joint. )

Apply a noncorrosive flux (paste type) to the cleared arzas.

CAHfION: This flux is very irritating . to the eyes. Do not rub your
eyes with fingers after getting flux on them

After the tube has been inserted into the fitting, revolve it once
or twice to sr~=2d the flux evenly. :

Ligt{t the hydrocarbon torch and adjust flame for hard soldering.
Apply the flame to ona side of the fitting.

As the copper fitting begins to turn cherry red, touch the hard
solder to the fitting on the opposite side from the flame.

s

CAUTION: Do not let the flame touch the solder. The metal must be
hot enough to melt the solder. ‘

. ; 20 o ESS) -
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Turn off
CAUTION:

Have the

the hydrocarbon torch.
Lift hot tubing with pliers and cool in water on workbench.

instructor check your work.

Checked by -

Instructor

The instructor will have vou cut your completed joint to check the
condition of the solder surfaces.

v -

4
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ALUMINUM BRAZING
OBJECTIVE: To be able to aluminum braze a sweat {itting.
1. Secure enough aluminum tubing from the roll provided to make six swage
connections, v
2. After making the swage connections, thoroughly clean the contacting surfaces.
3. Tnsert the male f{itting into the swage after fluxing.
4. Light the hydrocarbon torch and adjust to a soft flame.
5. Apply the flame to the swage joint insuﬁng tha* you keep the torch moving around
the joint.
6. As you apply the heat, place the aluminum brazing rod slightly above the top of the
swage joint until the swage has received all the measured amount of melted rqd.
7. Turn off the hydrocarbon torch. \‘
CAUTION: Use p"liers to handle hot metal, cool it in the water bucket provided.‘»'
8. Cut the completed joint with a hacksaw and check for: -
a. Penetraticn
b. Oxidation
9. Have the instructor check your work. \‘-.\
 Checked by Voo
Instructor L
: 91
—_
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IDENTIFYING OXYACETYLENE EQUIPMENT
OBJECTIVE "

To be able to identify oxyacetylene soldering and brazing equipment.
IDENTIFYING UNITS

- [dentify the parts of the oxyacetviene assembly below by writing in each circle the
letter opposite the name of the unit (there are two of some items).

Acetvlene Cylinder Valve Wrench
Blowoff Valve

Torch Tip

Adjusting Kevy

Cylinder Pressure Gages
Qxygeu Needle Valve

Cylinder Hand Valve

Regulator Qutlet Pressure Gage
Acetylene Needle Valve

uQuwy
R Q1

4

Figure 8. Oxyacetylene Equipmen:; Assembly

2. Fiil in the spaces with the required information.

a. A full cylinder of oxygen should have a pressure of approximately

-
*

——lie.

b. A:full cylinder of acetylene should hage a pressure of approximately

* ' , ?
23
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¢. What type of oxygen and acetylene regulators are furnished?

/‘*“\/’ﬁ\;

5

. /
d. What material is used in the construction’of the torch head and valve body?

e. All oxyacetylene apparatus and regulators must be free of

and

a3

24
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PREPARING OXYACETYLENE EQUIPMENT FOR USE
OBJECTIVE: To be able to use safety precautions when handling oxyacetylene

equipment, set up and assemble oxyacetylene equipment, and light an
oxyacetylene torch.

REVIEWING SAFETY PRECAUTIONS

Study the following safety precautions and observe them as you
progress with the steps of this workbook.

L. Refer to oxygen and acetylene by their proper names.
2. Do not use cylinders for supports.
3. Use cylinders in an upright positicn only.
4, Never use oil or grease on oxyacetylene equipment.
5. Provide for adeguate ventilation.
6. Do not release oxygen or acetylene in confined spaces.
y. Do not use acetylene at pressures higher ﬁhan 15 p.s.1.
8. Turn off requlatcés before turning on gases frcﬁ cylinders. ,
9. Close cylinder valves when leaving for a. axtended pericd.
~— 10. Use a friction lighter to light torch.
11. Never leave a burning torch unattended.
ASSEMBLY OF EQUIPMENT

1. Place the oxygen and acetylene cylinders at the end of the workbench
with *he acetylene in front of the oxygen (see figure 9),

2. <Jhain the cylinders separately

as illustrated in figure 9. Caps

3. Remove the cvlinder caps (see
figure 9) from both cylinders.

NOTE: Tight caps may be freed
by lightly tapping.

4. Check outlet of both cylinder
valves for dust or foreign
particles., If present, remove
with a non(?etallic brush.

5. Attach the\pxygen and acetylene
requlators to their respective
cylinders (see figure 10}

~ Figure 9. Securing the Cylinders

25




. NOTE:; The oxygen raeagulator
connection has right hand
threads, and the acetylene has
left hand threads.

6. Secure the nuts with the wrench
provided with the kit, -

hoses to the outlets of their
respective regulators (see
figure 11) ’

: -
7. Attach the oxygen and acetylene {

NOTE: The © en hose connection ‘ .
has right'hazégthreads. and the Figqure 10, Attaching Regulators
acetylene has left hand threads.

8. Attach the torch handle to the
hoses (see figure 12),

REMEMBER: Oxygen connections
have right hand threads and
acetylene has left hand threads.

3. Attach a tip to the torch handle
(see figure 13).

Figure 11, Attaching Hoses

Figure 12. Attaching Handle | " Figure 13, Attach Tip to Handle

TESTING EQUIPMENT FOR LEAKS :

1. Close torch handle valves, open cylinder valves, and turn the regu-
. lator handles to the right to allow a little pressure to-build up.

2. Test all.jdints for leaks with soap and water (see figure 14 ),
NOTE: Leaks can be detected by the‘apéearance of bubbles. :

3. Stop all leaks before going any farther. ' &
T ‘ ‘ , < .




Figure [4. Checkina for Leaks Figure 1. ,Ligﬁting the Térch
\ MR
LIGHTING TORCH : ‘
1. Adjust regulators to indicate pressures of 1 p.s.i. above tip size.
2. Open the torch handle acetylene valve approxiﬁately 1/4 turn.
3. Open torch handle oxygen valve approximately 1/8 turn.
f 4. Light the gas €lowing through the torch tip (see figqure 15).

/ 5. Open the acetylene valve until the base of the flame leaves the
¥ tip 1/16 inch.’

~
/ . &. Slowly open the oxygen valve until a neutral flame is obtained. )
/ SHUTTING OFF THE ACETYLENE TORCH .

1. Shut off the acetylene torch valve.

2. Shut off the cxygen torch valve.

3. C(Close the acetylene cylinde:‘valve.

4. Open the acetylene torch valve allowing the acetylene to escape from
the regulator and hose.

S. Turn the acetylene regulator adjusting screw counterclockwise until
1L turns easily.

6. "Close the acetylene torch valve. ¢ v
7. Close the oxygen cylinder valve.

, 9. Open, the oxygen torch Wdlve allowing the oxygen to escape from the

o BN re@u&atcr and hose. ’ : . : ,

3. Turn the oxyden regulator adjusting screw counterclockwise until it
turns freely. ‘ .

. 10. Close the, oxygen torch valve.

11, Coil the hose, and hang it and the torch on the hook ahd,réck provided
for that purpos%. ’

) \ Checked by
KR ' ' 27 - :
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e N WB 3Anas4530-1-s-pe
I < | .- April 1975
R Lo SILVER BRAZING "

~

OBJEC'TNE Ta be able to light, nnd adjuat tt;e u:yncetyle:.e torch and to silver bme
nnat fittings. ;‘ ) - .

1., Secnre ennu.gh tubim Irtm thc mbing bnrrel to make slx swage coqneeﬂm
?

2. After mnngfhe sWage connectiuns thoroughly elm the contacung su.rfacqz
. 's. App.ly a siiver -omermg flux to the male fitting, - - ~ .
M
4, inlert the male fittixg into the Bwage md&volve it once or twice to spread the flux
., evenly. :
A 5. . Light the mcetylene torch and adju}t toz carburizing nhspe , ' e
<
. Apply the ﬂame evenly to one side of the swa.ge bringing it to a cherry red.
) \NOTE: snvensgxder melts at»{temperature ﬂt 10000 to 11500 F.
7. Apply the scﬂder to the top of the fitting on-the opposite side ircm flame while
s, applying heat near t.he bottonf of the swage.
NOTE: X the heat is applied nnar ‘the bottom oi the swage, the. sol'dcr will be
drawn to the bottom. - ]
8. 'I‘urn cﬂ the u:yacetylene torch. R - _ T
_ CAUTION Ulhg phert to handle hot metal cool-it in wnter bucket. .
+ §.  Cut the( completed jﬁt with a hacksaw \nd cfteck tor- :
. . V-
a. Penetration " - “ k o
. - s ) s A . L .
o b. Excessflxx . ; Co w .
’ c. Oxidation’ =~ L N
d. Excuumlder “i e . e
10. Have the ln-tru;tor check yau.r wnrk. d . ‘ - x
Coge ! f '\ t o )
. | . . Checked by ‘ -
' o | ph . Tnstructnr
a2 e
¢ 7 . : A ) 97 . “- .
' T . ' ’ e . T,
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. . S WB SABRS4530-1-5-P1
A A . " April 1978
sn.y:n BRAZING USING sxi;--zésa - L~

OBJECTIVE: To bc aple to lﬂvc solder & nu: fitting.
1. ‘Seacure mu;h tubing h'om the bn.rrel to makc aix swage cmﬂm

- NOTE: m—rmloldcriurodcmmm n\mandclmmsqd.
'rhtt\mn:doumthnntnbcehmdmmxd. | ‘

3. Insert the male fitting into the swage. -
R mgitthomacdyluutorchmdndjmttoacuhuﬁm{lﬁme, | ’
4. Applythlnmc"mlytomndootthem,sbrmmumaéhcrryrld

'NOTE: Sil-Foss soidering rod melts at a temperature of ardund 1250° ».

5. Apply the sliver solder rod to the top of the fitting oo the opposite’side trom
'whilaapplylnghutnnr the bottom of the sSWAGS.

- 'NO’I‘E If the heat is appucdnur thnbcttnm oﬁ.{w?ga,"tha solder will be
P drawn to the bottom. ) \ , :

6. Turn o!! the axyucetylene torch.
’ CAUTDN. Use pners to liﬂ: hot metal and cool in. water mcket.
'7. -Cut the completed joint with 2 hacksaw and check for:

a. Denstration ) . S o
b. Oxidation | ~ »
Excm solder ' .

8. Have the inatructor check yaur work. D

X ' L]

. . Checkedby_____ )}

. Instructor )
. & N
. ]
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1. Electrical Principles and Circuits e 24
' - o ) (24/0)
. . Days €
thru 8
* . ' ', ' * . . ‘F L. . o -
a. Using workbook and wiring r, copnect an operative (6/0)
v sim le circuit, consisting of a powe ce, protective device, Day 6
* ] - switch, lamp and an amnieter, observing all- .applicablé safety .
4 pr tions. STS 6d(4), 6f 103, 10c, 109% 1)(a), 10e(2)(a), IOe(‘g)
R @, 103(2)(c),10e(3), 10e(5 Ila “Meas: W, PC !
(1) Electrical satety T * - d] 1
- (2) Definition of voltage and its mlated factors. \\ ' ' ? "
(3) Definition of current and its related factors oo
- (4) Deﬁnition of resistance and its rela.ted tactors * A (
(5)& Sources of electrical pressufre and their requirements )‘ {
~ (6) Conductors, msulators and factors that akect condd %rs
, = (M Us:lng the American wire gage chart ¥
: '(8) Effects of current ° , ‘ d
. (9) Electrical switching and safety devices and electrical | .-
,‘ symbols ' A - N S N
L o o . . )
¢, (10) Requirements of simple circuits’
. . . ! § w
’ / o R |
{:‘ * I‘I‘f - i
, e %
" SUPERVISOR APPROVAL OF LESSON PLAN (PART 1) | -
] SIGNATURE AND DATE \ - SIGNATURE AND DATE  ~ ) S
- — ( o ‘; ] T ’Z
. . L3 - - : . N F '
' ) * . h R l. - Y
- IPCAN OF INSTRUCTION NUMBEN . ' = T TTDAYE - ) .' PACE NG, *, Y
- 3ABR54530 hs January 1998 " 15 | o0 -
ATC c'g,";" %‘33 PREVIOUS EDITION |$ OBSOLETE ‘ . ) ,:
o , . . . - ;\ * . | ‘( ‘ & .
~ . . : . 98 . : .. | ‘ : ?'-.-'.~ B ' - ": "~‘. t:‘t:




PLAN OF INSTRUCTION/LESSON PLAN PART | (Comisuation Shoot)

cu— — . e —

COURSE. oourm

_____

b. Ustngworkbooksmdmuﬁimaer, measurs voltage (6/0)

and resjstance on a multimeter trainer to an aceuracy of - Day 7
- 45%, obsering all applicable ‘safety precautions. &

STS Sb, , 5d, 6d(4), 10a, 10d 10«: 10g(1) Meas:: W_ PC
(1) Factors relating to magneti |

(2) Purpose and application of Z voltmeter, am.n?eter,
and chmmeter

-

(3) Safety precautions when,using meters .

‘e, Using workbook and wiring trainer, construct an - (6/0)
- operative series and paralle] circuit. Using multimeter, Day 8
"apply Ohm's law and circuit characteristics to find-the . .
unknown factors of each cirguit, observing all appl.icable
safety p’recautions. STS: °5¢, 6d(4), 10a, 10D, 10e_§1)(1_:)

Oemgcg, IOg(IL Meas: W PC v R

. (1) Ohm's law snd the operating charscteristics -of
a series circuit \

: “(/2) Ohm's law and the opersﬁng charaoterist:lcs of a
parauelcircuit 4
d. U workbook, multimeter and electrical trainer, , “{6/0)
locate 100% of the opens, shorts and mechanical mslfunot:lonsa Day 9
observing all applicabl® saféty precautions. STS: 6d(4),
10e(6), 10g(1), 10g(2), 10g(3), 10g(5) ‘Meas: W, PC

(1) Troubleshooting a circu;t to looa.t_fe' opens . - - 3 , |

[

(2) Troubleshooting 2 circuit to locate shorts ’ o

(3) Troubt'ed:ooting a cirouit to locate low power and
anital mulfunctions 4 |

{ , 4
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:  COURSE CONTENT |

b

%ﬂt Mmctional Mnhri&ll
ABRS54530-II~1, Electrical Principlel and Dtrect Current Circuits

- WB 3ABR§4530-II—1-P8 Wiring 2 Series’Ciroust

Trai.ning Film: TF 6081 Basic Electﬂcity

A "ant le Ins' ctor Requirement . -

—g
- SUPPORT MATERIAL AND GUIDANEE

WB SABR54530-1-1-P1, Identifying Electrical Units and Circuits
WB 3ABR54530-I1-1-P2, Multimeter , N
WB 3ABR54530-11-1-P4, Wiring a Parillel Circuit S o
WB JABR54530-1-1 -P5 Circuit Analyss o
2TPTS$100-04, Electrical Fundamentals {Remedial) 1
2TPT3101-07, Basic Electricity, Ohm's Law, and DC Pewer., .. INE
2TPT3181-08, D.C. Series Circuits (Remedial) - o 1
2TPT3101-09, Parallel D. C. Circults (Remedm) .

Audio Visual Alds ) :
Chart Set, Electrical Meters - . %
Transparencies, Set, Electrical Principles -

Training Equipment - A - -l
Trainer, Fundamental Electrical f‘rinciples (12) - L |
Trainer, Multimeter Reading (1) o ¢ k
Trainer, Multimeter (12) S S L.

Trainer, Electrical Cireuits (1). | ;
Trainer, Electrical Circuits and Meters Reading (1)
Bench Item, Galvanometer (12} : -~
Bench Item, Rectifier (12) o
Befich Item, Dynamo, Ha.nd-Operated (12)
Multimeter { 1)

*rrmmg Methods b |

' Digcussion/Demonstration (8. 5 hrs) . i - o
Training Film (0.5 hr) :

Performance (15 hrs) - f \ . L .

Safety, Equ.tpment Supervision (2) "

In-stmctionalcuidanee L - ) -

. Place adequate emphasis on sa.fety precautions involved in use of elect¥ical-
test equipment and on careful handling of deucate and expensive test '

- equipment, -

MIR: Two instmctors required. for 12 hourg during student per!ormance o
: (4hm'rainDay'Z 4@0|}rsinnay8 ahd4hoursinnay9) « :

.
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2.) Alternating Current Wiring Systems e o 22 -
S . S lasm
. e . . |Days 10
. . |thru12
a. Using, the workbook, idenufy operating charact-ristics of (6/0)
" a.c. ¢ircuits containing capacitance and inductance Day 10
STS: 10a Meas W, : | ( _
f(1) Differences hetween a.c. and d.c. electrieity
(2) Frequency, cycle, alternation, and sine’ wave
(3) Coil iflan a.c. circuit
o .
(4) Capaeitor in an a.c. circuit R
(5) Single-phase transformers .
b. Using wiring tmme::, conhect 110V, 220V single-;ixase (6/2)
and 220V threa-phase components to 2 power supply, observing Day 11 r\
workbook requ’rements and safety precantims. STS: 6d(4),
10!’ _}‘, 10e{5) Meas: W, PC . . 0
(1) Wye-type three-phase trans!ormer and the twq- three-, - F
4 " and four-wire system T
J (2) Safety p: ecantions pertaﬁmg to wiring | | |
- ¢. Using wirmg trainer, instau wtﬂe check and service g '(3/1):.
-—motoy, starter, observing workbook reqqirements*and safety ‘1Day 12
- precmtions. STS: 6d(4), 10:(6), 104(7), 10f(8) Meas: W, PC ~
(1) i’urpose of the acrosa-the-nne motor eta.rte‘r g
4 (2) Parts of the across-the-line motor ua.rter
— T gq;gmnn APP ROVAL on.lmn PLAN (PARY 1) , N
- - SIGNATURE AND QAT - HMNI! AND- Mfl
K bY : . \\___‘
L I ‘
v‘ ) ’ \
o 3ABR54530 19.
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuution §

f -~ coumsk contant

x

7

o

'd, Using wiring trainer, install, wire, check, and service (3/1)

a motor, observing workbook requirements and safety precautions. - .Day 13

STS: Gd(i), 10£(1), 10£(2), 101‘32 IOI(S), 21b(2), 21h(3)
Meas: W, PC

. (1) Major componenta af motors ‘

(2) Principles of operatidn and appucaﬂan of
electric. motors ,

- - ‘q . ‘

+(3) Mamténance of electric motors <

LY * B

N $

SUPPORT MATE(RIALSANDGUIDANCE oy g
Student Instsétional Matertals . o SR
SG 3ABR54530-11-2, Alternating Current Wiri.ng Systéms

.WB 3ABR54530-I-2-P1, Characteristics of Alternating d:umnt Circuits
-~ WB 3ABR54530-II-2-P2 Checking Voltage on: Tﬁree-Phase Transfarmers )
. WB 3ABR54530-11-2-P3, Making Pigtail Splices .* . ¢ ‘

WB 3ABR54530-I1-2-P4, Wiring 220-Voit, ‘Fmr-Wire.SySems '
WB 3ABR54530-II-2-P5 Wiring the Across-t.he-mne Motor Starter

. WB'3ABR54530-I1-2-P6, Operating Characteristics and ering of *

" Bench Item;, Dynamo, Hand-inered (12) - \14”{

1]

Multiple Instructor Requireménts | ;l') 3 e o -
‘Sihg Equipment, Sipermion 2) < / | o

Indnction Motor

Audio Visual Atds J B
Charts, Set, Alternating Current Ganeraﬂon ' o
Tra.naparencies ‘Set Alternating mrrent Wiring Systems . &

Training Equipment R
Trainer, Electric Motor. and Three-Phase Wiri.ng Operation (12)
Trainer, Motox Starter (12) . A o
Trainer, Motor and Motor Starter (2) o o~
Multimeéters (1) - L~

Multimeter, Amp-Probe/Voltmeter (12) s AR Y

Training Methods ’ C L
Dincm‘mn/l)amonstx‘aﬁon (11 hrs) ~ N “ o, "
Performance (7 hrs) | . RO .

CTT Assignment (4 hrs) . . e s L
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~ Instructional Guidance
- Place adequate emphasis on ulety precautions i.qvol‘ved in use ot
.. electrical test equip: nt and on careful hacdling of delicate and.
. expensive test equipmient, Outside Assignment: Day 11, direct. )
| tudents to review WB:H-&-PI thru P¢; Day 12, P5 and P8.
m. ‘I‘wo mdmctara are reqqired tm;A hours during ﬂ:udent perfnrmance
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a. Using workhook, multhnetor and trouhleuhooting trainer, 6,3y
l16cate 100% of the opens, shorts, and low powef conditions on the Day 13
120V single-phase and 220V throe-pluoo circuits, observing safety |
piecautions. 'STS: 6d(4), 10e(6), 10g(1), 10g(2), mg(S) - \
Meas: W, PC ‘
- (1) Troubleshooting procodures
<.
(2) Sa.fety preca.utions when troubleshootinga c. circuxts f
b Usmg workbook multimeter, and troubleshooting trainer, 8/3)
locate 100% of the-opens, shorts, and low power conditions on the Day 14
208V single-phase cirgcuit, ohse{-ving safety precautions. )
STS: m, 6d(4), 10e(6), mgm 10g(2), 1og(a) Meas: W, PC
(1) Troubleshooting procedures E .
' 'S
~1. " (2) Safety precautions when troubleshootlnga c. circrits
. e, Using workbook and wiring schematic, apply. Ohm's law Y 4/2)
and circuit characteristics to determine the unlmown factors Day 15
STS: 10e(8). " Meas: W, PC, y '
T (1) Ci-rcutt clvaegacferistios
‘ ~.(2) Tracing line and low-voltage circuits
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L SUPPORT MATERIALS AND GUIDANCE ‘
Student Instructional Materials - o
G SABRHS%-II-S Electrical Troubléshooting ‘ ‘
WB 33\5354530-n-3-P1 Tmuhled:oounc Single-Phase 120 Voit Circuit
WB SABRMSSO-II-S-PS 'Troubleshooting 208-Voit Single-Phase Circuits

Place adequate emphasis on n&etz precautions jnvt;lved in thatise of -

wlectrical tast equipment.. E%ﬁl handling of delicate and
expensive test equipment. Outside ent: Day 13, di.red: dndents L0
{l? review ~WEs I-3-P1; Day 14, P2; Day 13, P and P4. *

MIR. Two mstmctors are required for 9 hours mrlng student performance

b (4 S-hourainDayls and4 Smursmmy 14).
,
4 Related.'l‘raining (!dentﬂied n couree t{.hart) - ' 10
. . - ’ ,
5. Meamrement Test a.nd,‘red erﬂ_que 2
- (2/0)
> < ‘- - Day 15

macnuereaum&.mmwm&mnmnuu '

|

WB SABR54530-I-3-P2, Troubleshooting three-Phase Circuits . B

"
WB 8ABR54580-II-3-P4 ‘Elsctrical Blueprint Reading and Trouble Analysis '
-3TPTS3100-06, Troubleabooﬂng (Opens, Shorts, Grounds and' Low Power)

|" Audio Visual Atds , - :
Charts, Set, Electrical Tmbleshooting g
. Transparen;les, Set, Electrical Trnuhlesheoung '
| Training Equipment | | | o
Trainer, A. C. Trouhleshooting (2) | o F L
Multimeters (2) S T
o gTw Methoas \ :
/| Discussion monstration (4 hrs) .
'} Performance (12 hrs) g . s e~
- | ©TT Assignmeft (8 hrs) | I
Multiple Instructor Requ et ¢ r e N |
lety, Equipment, Superyision (2)‘ oy .
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Jastractional Guidance | -
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" '+ . . EIECTRICAL pmmgwsmnmm'cumxf CIRCUTITS
Sy co ' SECTION I - . - | A, -
S oL : a:n;gx;cﬁnng§?vsnzcwn:cxry“ v | : b .
. omgc&':ivﬁ | | RS |
. ;'_ ;% This st#dy7§u;dq‘§ill.qid ygi in becoﬁinq'familiaf with: '
"+ IME PRINCIPLES OF ELECTRICFTY' - , )
- “ « \THE SYMBOL§ AND TERMS PERTINENT TO ELECTRICITY : -
*° THE TYPES JND QPERRRION OF ELECTRICAL METERS | - | - 8
" * TéE TYPES ANQ CHARACTERISTICS Qg.smc'ra:ém CIRCUITS
~; e ELECTRICAL TROWGLE ANALYSIS PROCEDURES . t
| CINTRODUCTION, T~ ¥, o
.t}j ‘ Stop for one tomer®t and try to imagite-that therd is nd‘electricity

* «_ ' arcund .yoy. What wonpld be missing?’ Lights, fan, radio, TV, razor,

. istove, toaster, refrigerator, washing machine, telephpne, air conditioner?
"~ "tha list ‘Seems almost endless.when you think of all the electrical devices
o i -thdt seem so cammon.” T ‘ . T
SR . ' . Lo -

«"®..  Have you ever wondered just what happened when you turned on the 7~

‘gwitch? .Or, why rothing happened when you turned on the switch? Ip this

text you will find the ansvwers to both of thaese questions.

.-~

' Ybu_may question why a refrigeration specialist studies electricity.
Thé answer is simple. It will be your job to determine whether a
refrigeration malfunction is caused by the refrigeration system or the

© @lectrical system. Approximately three~fourths of all refrigeration
malfypctions: are caused by electrical troubles. Therefore, a fundament 4
knowlédge of electricity will be essential in doing vour job.

o -

CONSTRUCTIGN OF MATTER _ ,
Te understand the nature of electricity, a discussion of matter is

necessary. All matter, such as metals, water, rubber, and air, is.made &
of small particles called mclecules. (See figure 1.} .
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Molecules . N \ —~
. f . s . :
A molecule is the smallest particle of any compound that can exist and ,
still have the same substance. For example, a molecule-of salt is the /
smallest particle of salt that can exist and still be salt. Let us . °© ,

examine a single molecule of salt more closaly. If we were to divide this
one molecule of salt, we wouldn't have salt any more. We would have one .
atom of sodium and one atom cf chlerine.

Atoms . : ’
: ' ! 4 ) . .
toms.are so small that two hundred million of them of them placed-‘ |
side by side would only measure one inch. In spite of this, we have a
very ‘clear idea of what goes on inside an atom.

Construction of an Atom ) o '/RN\\
You may be familiar with the fact that the ear£;\>btates around the ,

‘sun in'a path called an orbit. (See figure 2.) The relationship of the

sun and earth is known as the solar system. The sum is the core and the \

eamth is one planet of the system. - :

An atom is cénstructed in a manner‘;hich greatly resembles the solarx
- system af tiie sun and the earth. Each atom has a core (like the sun) and
one or more planets (like the earth) f?vnlving about it.

The hydrogen atom is the simplest of all atemﬁ. It has just cne
planet revelving about its core. (See figure 3.) In-an atom, the
planets are called electrons (negatively charged particles).

~

ff_—-—\\ - —— . ) i
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‘./ N \ f B * . \
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\ | | A\ / v
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ORBIT .. PRGTON
AN y o v
7 e
\\ - - ~ “ _ -
Figure 2. Solar Syst;m Figure 3. Hydrogen Atom

Thase electrons, together with protons (positively charged particies)
and neutrons (neither positive nor negative), make up the atoms of which
matter is composed. The electrons are in constant motion about the
nucleus. (See figure 4.) '
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‘Figure 4. Construction af an‘Atcm . 3
. SQme of these electrons are loolely held by .the nucleus and will move ) {f
, freely when an electrical pressure is appliéd. Thesunxform flow of -these ”. ;
: electrons is called electric current. If a substance has a largé number ‘¢ -
- . of free electrons and allows current to flow e ily..‘ﬁe substance is .
: Galled a conductor.. Othar substances, such as mica, gldss, and rubber ,
~ . - Have few free electrons and prevent the movement of! their electrons. .
. These substances are called insulatorp. ‘ A o <
N\ - O ELECTROMOTIVE i“qgcx-:
' We. are-all familiar with the fact 'that it takes pressu:e to push o
N . water th#ough a hose. In the city water system we have 60 psi. This ¢
pressure will push a cartain amount of water throuqh a l/2- inch garden :
_ hose. Z

. -

It is understandable, then, that to have electrxc;ty we must fxrst
produce electrical pressure which will force the electrons through the - :
wires and through the electrical appliance.  This pressure - ‘is called N

" electromotive force; vcltage, or difference ig potential, ~ These term- "‘}
/

+ have the sage mlaning. "

E;ectrical pressure is obtained by converting heat, mechanical and
chemical snergies into electrical energy. The: battery;on your car is an
le of chemical energy which is converted into an electrical enekgy.
The main source of voltage, however, is the conversion of machanical
. energy into electrical energy, as in the case of the generator., To L 4
.  generate a voltage machanically, three things are needed. You mu:t'have :
a conductor, a magnetic field, and relative motion. chbine these three,
move the conductors or magn‘tic £ield, and voltage will be generated.

Electrical devices are represented in symbol form. :Symbols are a ' &

"shorthand method of representing the unit; they save time and space.' The
symbols for a battery and generator can be seen. in flgute 5. .

Some facts about voltage that

you should remember are: , - 4
- The unit of measure for F————- -
-+ electromotive force (EMF) Y

is the VOLT.

Battery
. = -EMPF is measured with a
VOLTMETER. | N
~ . The SYMBOL for' EMF is “"E." ' ) . o
J , '
=" The EFFECT OF EMF.4s that it v
causes CURRENT to flow. Generator
L ' Figure 5. Symbols
+ 3 [ ‘
- \ .
! {
¢ « "
> 5
s .l - . :
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CURRENT _ L <
- i -

. The word “¢urrent" means motion or movement. ‘Current is the uni form
‘movement of electrons. (The Pressure which moves them has already been

. explained.)

[

Ay ’ 3 ¢

Lat's examise ‘a Pi€ce of copper wire. The wire appears to ba a solid

plece of materidl; however, “th

is wire, as you have learned, is made ui of .
nto

milliong and ‘millions 'of eleftrons. If ocne extra electron. is pushed

one end of the wire, the at
this extra.electron’over to th

has-4n extra eledtron. ' it will now push
@ next atom. This atom will repeat the

" * prpcess until the end nof ‘the wire is reached. At the end of the wire the'

.electron’will jump to- any other cbject that needs an electron. This is
what .iz hidppening when you see an electric "spark.” The magnified

saction of copper wire'shown i
electrons along the wire. If
to be direct current’ (dc)s

n figure 6, illustrates the movement of
they flow in only one direction it is said

¢

o " . o e T
. | oo .F;P_ \b}r’. .’F;r.o . . .
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3 ° \.‘..

&,
Figure §.
it is vary easy to measure
System. This might‘be one gal

Direction oé Electron E‘lo{ef

. t .
the aﬁ&pnt of water flowing in a water
lon per second or 50 galipns per secend.

' . Where water flow is measured by the gallon, electrnn flow is measured by

the ampere. 1In the simplest form, an ampere is 6,280,000,000,000,000,000
elect_uns passing a given point‘in‘pnqlsecond. Of coursa, this figura is
not used in practical application,-but it does prove that an' ampere is a°

given amount. The symbol for
electron flow:is the ammeter (

. The movement of electrons
different effects.
N - .
First, current always caus

HEAT. The amount of heat produced

-depends on the amount of curre
flowing and the material of th
conductor. Copper conductors

very little-rise in temperature,

while nichrome is used in heat
dlements. The conversion of
electrical energy intp heat is
in such deviges as electric 1i
stoves, and soldering-ircns.
figure 7.) . e

-t

current is "I." The meter used to measure
+ A -)' AY

through a'conductor will cause four

es

nt
e
give:
ing ,

*

used —
ghts, R
(See - ‘ .
Figure 7. Heat

¢

‘> o ) * .
y ..

.

A}

-3t



car.ux CHANGE (fidure 8). As

. hydrogen. This effect of current ‘

‘passes through the bod
. 'shock.” Hospitals use this in

.the treatment of some illnesses.

.. It has no useful purpose as far
‘Gause death if you become careless.

‘amp can kill you!

'MAGNETISM ( igure 10). Magnetism

‘- means the apility to attract iron,
'+ .Copper willfnot magnetize but '
A wire. This magnetic effect of

.+ .motors, generators, and

A sgcond uwffect of current is

nt .passes through. impure )
watl causes a chamical chnng“.
An example of this.is the breaking
dowfl of water intc osygen and

is- also used to plate metals.
‘Another use of chemical change
is tc charge batteries.

€ .
- .
™~

.
] )

-
"+ A third cttcct o current is
SHOCK (figure 9). xrent
body)it pro-
duces an effect knowil as "physical

as the refrigeration serviceman "
is concerned; however, it can :

Under -ideal conditions 1/10 of an

. i - - . . . . - ..
: Lie ., Figufe "9._ ?hysica} Shock AN

, ¢ ‘
A fourﬂ" effect of current i

current through a copper wire will
set up a magnetic field about the

current is used in electrical’

slectromagnets. o | L .
' : i j . Figure 10. Magnetism i
4 ) - - &

. RESISTANCE : T

Thd opposition to the flow of current offered by the conductors and
electrical appliances is called resistance. The OHM ( 1 ) 'is the unit.of
measure for resistance. The meter ulcq\ to measuve resistance is ¥he <
OHMMETER ( / ‘ h v

@ . ‘

There are /four factors which affect the resistance of a conductor.

\

\

wn
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\an}}ictc: affacting resistance is LENGT{. Referfing again to the -
water s :

stem, if we had a hoss. 50 feet long, we would expect a lot of waﬁer\ .
- _ to flow throygh it. If the length of the hose were increased to 100 fedt,. & -
what would hgppen to the flow? The same thing happens. in an electrical

¥ conductor.- 'The longer the wire, the higher the resistance and the less . .
" curgent will' flow through it. <(See figure 11l.) ; '

-

-~ { ' ‘
) o . '

. ' Figure 11. Length of Hose
! R ) &’ h : .

' ' 8 ) SN

A‘seceﬂh tor affecting resistance is AREA or DIAMETER. Both U
", . .the hoses in ure 12 are the'same length, but the diameter‘of'anej§s

twice that of the other. .

Figure-12. .Diameter of Hose )

b <t
4

i
b .

The iarger hose would naturally be expected to Hdediver a larger flow
| of water. The same thing happens in an electrical cqnductor. The larger
- the area of the condlictor, the greater the flow of elgctrons,: ¢

| B'S

e

)

The third factor affecting resistance is MATERIAL. “-Any substance 'in
which an electrical pressure ¢an separate large gquantities of electrons.
o © fyom their .atoms and force.thesé electrons to move in the substance is a |
N good cogductor. (Silver is one of the better conductors.) When .the

J

‘material of a conguctor is thanged, the resistance of the conductor
N changes. ' : y S ) . '

ars

. A
| \

| .. ' / -] s, b
; \ . . ;o :
. 7 . - . . . ol
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The £ou:th‘fa¢tar affectin
‘resistance is TEMPERATURE.'..
ature is the spesed of . the.
‘molecules in a substance.
molecules are moving, the atoms

are. also meving.

sdp

decreases.

7]

_ Basic electrical fnctcrs can
be seen in* figure 13.

If the tlmpcra-"
ture 6f the conductcor increases,:
the speed of the atoms increases.,
This increase in speed makes it

more difficult for voltage to |

arate the electrons
atoms; consequently, current:

from

Y

3

AN ELCCTRICAL CIRCUIT

g *

The four basic requirements of a ¢

1f thc

their’

(ZL positxvc conductor, {3) ,source

The ne ltxve :onductor

tarﬂxnal o

> The

"The

The

- enargy cenv- e

~source of p

2

Fequée 13 Tl

¢ ¥ A-“

fengd
21 3

Bhgic Electritﬁl N
, Factors

P
LY P
a .
2 -

B ¥

PN

de from the négztive
rasxstance./f

€ positive tarm,pal of the scurce of, gower.

!ource of Egger or

‘into electrical. ener

lta e is

4§?ually a chemical oxr mechanicri

€004

“ An electrical circuit is a clored path in which electrins. can f£low.
cuxt are (1) negdtive conductor,
exr, and (4) unit of resistance.

the conneetxcn
to the unzt n

N itxve conductor is ﬁhe connectzan#made from the.unxt of
rnliltgnce to

t

unit of resistance is the oppoaitien placed&tn the path of: current,
such as 3 %IgEE Tan, motor, or fafrigeratar. _ )

s\

N

< The,fouk basic parts of the éircuit cg?fﬁi:seen ip figure 14.

o

« . A\ .
BATTERY +
SOURCE OF ——
POWER —
1 - [
. ‘t,‘
Figure 1l
.
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! LIGHT
¢ T UNIT OF
’ . N ,‘\ RESISTANCE
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: 4 it :
¢
’ . h figura 15 are three illultrntionl of circuits containing ' —~
:-sistanc-. _ . S - v
* - ) ! t @1

A :. FIKED MESISTOR AHEQSTAT : * WoTon ‘ .' : -
> v . - e mml?m ! I:-.-c'u .
b | | ' - /:
| Figure 15. Resistance «‘{ " |
The circuit fogr safety and caﬁvunacnce lhould contain protective
. devxces and control devices. a
. < ”*
| P -t CIRCUXT PROTECTIVE DEVICES ,. :
( It is reasonnhie to state that | - ]
. if nothing were to_oppose th¥ movement . { N
. of electrons, there would be exces- . T .
sive current flow. The ¢ ct ‘ v ‘
resistance and pressyre infthe ’
circuit will maintain safe and . ' .
, correct current flow. However, - : A
. malfunctions may occur, such as the r-ener v oo
$ . .~ negative conductor, coming in dirvect e e '
* contact with the pesitive canductor ' Figure 16. Negative Conductor il
. , (see figure 16). . . Toushxng a’Positive Conductor
-
In figure® 16, the arrows show the cn::unt taking ‘the path of llast -

rasistance. 'With no opposition in the path of the electrons, the current
~ will increase. °‘You have learned that current caues heat. In figure 16
( thege is nethlng to burn but wires, )

-

Ta protect the
.. fuses ‘and circuit b

ii rcuit there are various circuit pretectort, such as ,
ars . LY
: ] M \ LY

, , A‘fuse is a strip of metal with . ‘
o a very low melting point, connectad [ - _ ‘
-k in the circuit so that all current ¢ ’ '
g/ in the circuit must flow through '
g\ ‘ it. (See‘ figum 170) ot l ~
\ \

\ Fuses

K
-

—

LI P T

. An alloy of tin and bismuth is )
1 used in most fuses. A fiuse will ' ‘ :
melt and bregk the circuit whenevér . Figure 17. All Current Flows
. the current com.s,cxceslivn. , ¢« . Through the Fuse
Since a fuse is'a protactiva device, it is important to use one that
fits the needs of the gircuit’ in which it\}s to be used.

L ‘
. 1 )
Ay
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Circult Breakers - - - | N : o |
. L 9

" A circuit breaker.if® a device that 'breaks the circuit when ths curvent “~
reaches a predetermined value. The feature which distinguishes a circuit: .
R breaker from a fuse is that a circuit breaker can be reset while a fuse ° o
must be replaced. The circuit breaker is scted in®he dircuit’ in the. . .
v same manner as ths fulf. i p , . | '

Circuit breakers, like fuses, must be the weakest part of the circuit.
They contain a strip of metal that will move when heated. ‘This strip of
metal acts as.a lock to hold a spring-loaded switch closed., As the current J
fiow increases, it heats .the metal strip; this causes the metal strip to o -
move enough to allow the spring-loaded switch, to'open. After cooling, : (‘
; circuit breakers can be reset. v A : .

~

. £ . * - N . * '
‘  As a matter cfﬁngfety, never use.a coin in place of a protective de- -, ,
. ~ vice. The wizring{ill becolme the weakest point.. As the current increases, N
Y- . the wire will bagohe hot and a fire may be started inside the walls of thel - \

‘. building. An oversized fuse will have the same effect. ' N

. - . . » i :

The rating of the circuit protective device (fuse or circuit breakery} .
is determined by the w size, or current carrying capacity. Heag is one ¢
of the effects,of curreht. As current increases, temperature of the
conductor increases. The following table shows the American Wire Gauge

. . sizes and amperagas for conductors. The amperages are the maximum for the

.conductors listed. An' increase beyond the maximum listed ratings creates
excessive heat. Fuse or circuit-breaker amperages should never be larger
thap the wire is capable of carrying. For conductor amperage capacities
in conduit or special applications; consult the National Electrical Code.

*
N x

Maximum Current

Conductor 'Size - - Capacity (for Rubber
- > AWG ? . Insulatidn, ,
| 16 - . § _ ‘ f
b
A | , 14 S S
o ‘ 12 - 20 ‘
( ‘ 10 . : <\ ‘25 ' . C -
| 35
50 .
'S 70 .
. ] .
2 L0 e

CONTROL DEVICES = = .

To conveniently open ot ciose the circuit,'daveral_typés of control ¢
devices may be uged in electrical circuits.
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Push Button . : ) : B

Iy

A switch of thig type iy also used to control the light in the holse- o
. hold ref:igerators. :

-
L‘

et . Knife -F/"—* .
The knxfc swvitch consistsgof a mnvablc metal bar with an insulated

handle. It is used as -a safe dev cq;at the electrical entry. Opening
this switch Vlll stop the flow of ‘qflectricity to an ares of the building.

- L ] . L e .

. . * Typas ' ¢ .‘ ¢ ) | . . A

L -t The different types of knife switches can be identified by the number

of poles and throws. The pole,of a switch zgefers to the mnvable congactor, .

and the throw refers to ths‘cxrcuxt Qr circuits whi N the pole can complete.

&
L) a-

The single pole, sxngle-throw (SPST or-—‘—-(’-—é switch has one .
movable contactor andwcan complete only one circuit. ‘

]

)

. The single-pole, double~thtow (SPDT or—e f’-—ﬂ switch Has one
mcvable contacto:;and twd cxrcuits can be completed, but only on at a .
time.

. 3, - ) \) r‘ . }
..‘ N . -

[3 'f
The douhle-pole, single-th:ow (DPST. or, __(f._.) switch has two
. movakle contactors and can open both lines of. the electrical cxrcETE

. - . ' - ——l /.__ s ) .. ‘\
s ' The double-pole, double-throw (DPDT or —e & — ) switch . .
’r‘}» has two movable cantactorsp. This switch is used, to control a motor . :

N

.. where the direction of rotation needs to be changed ‘often. On one position,
- the motor will run clockwise; in the other position, it will run counter- , -
clockwise. This type switch is alsc used to control a twc—speed motor.

qugle L ,. o » - . -,

This type switch has a togdle that can be moved back and forth to
open or close the circuit. Types of toggle switches and their symbols are
. the same as for the knife switch. Toggle switches are normally used to
control ligHis in a room. Figure 18 shows the wiring of switches in a
. Ccircuit. .In illustration "A" the gwitch is in the OFF position in
(jeﬁ' illustration "B" the switch is in the ON position.

)

‘ - - ' [
hY . : x _ B - . .
‘.\ « R A f e o€ N L - . ) Fa e, ' ¢
r * ( e . - N [l
‘ Figure 18. Switch Positions
S A 10 ' »
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Relay ele

«
N .

oo ‘The :clay switch operates on the p:ineiple of . Qlcet:aaugn-tisn.‘ A o
. . - solenoid consists of & coil of wire wound around a hollow cylinder. It
, is used to produce a magnetic field. When a movable core.of soft iron is-
©  .placed inside the hollow eyl der, the field of the coil will tend to -
.. .center the core into the coil when-there is curyrent. Solwnoid coils with
- movable cores ares used in many cnnt:all‘(,ueh as line starters) in
'+, refrigqeration and air-conditioning units.
SUMMARY . .

3 -

Current is the flow of electrons in’a closed path. / They are forced .
to flow by applying an clectricll Rregsure. Resistance is the oﬁpalition
to the flow of electrons.: ‘ _

Four effects of :ant are heat, magnetism, shock and ohemical

change. L R X J . ;’J
. \ - '
-~

€

, Heat, chemical, and mnch;nicul cnc:gics gan be cgnverted to electrical

-f‘ | energy. . o

o . -
Resistsnce af conductor is affec%ed by length, size, temperature,
and material. ' ' ! ) .

A circuit is a closed path for electrons to flow from'a source of
pressuze, thraugh resxstan:e, and back to the source of pressurc

Fuses and circuit breakers are used to protect the cxtcuxt in case
of an overload.

£

- . : Switches are used tc control qﬁe circuit conveniently.

QUESTIONS T - o '{

1. what is current?

..

Z. Name an effect of electromotive force.

3. List three effects of current. ‘
4. Whit are two factors that affect resistance?
§. What is an chmmeter uled'to measure?

6. What is the unit of measure ‘for voltage?

-

‘7. What is,thef:&mbol for current? ‘ .

8. Name the three things necessary to generate voltage mechanically,

‘ ' o

9. Namé three methods by which an electrical pyessure can be produced.
. / -

-

10. What is the purpose of a voltmetexr? -

3
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R ~© SECTION II
et MAGNETIS!! AND METERS
:urxonuc&:os

) . ) ' ( . - b
P:uetica}ly ‘all elaetr;cally cquipmlnt with which you wilk be working
will depend on the action of magnetic fields. In this section of the

: study guide, magnetism as' it is used, in electrical measuring instruments
N will be discussed. The latter part of the study guide will deal with thc:

_g& use of the metexs,
. When tihe steel bar is placed Ti

. in contact with a magnet., The . Ty
molecules will be rearranged as Figure 19. Arrangement of.
in figure 20. The steel bar is - Molecules in an Unmagnctized
said to be magnetized, and thus Steel Bar . .
becomes a m.gnet, '

pazncrpnss OF MAGNETISM ' 4

-A magnet is an object which has
the ability to attract iron. Any
, cbject which acquires magnetism d
" when ‘placed in a magnetic field is K
said o be magnetized. Before an
object (such as a steel bar) is
magnetized, the molecules point

in all directions, ‘as shown in
figure 19,

-

~

4 "It is-easy to arrange the
molecules of goft iron. But when

- the magnetizing force' is removed,
its molecules will return to the
position shown in figure 19, FHow-
ever, in hard steel, arranging the

. molecules is more dxffzcult but
the molecules remain alincd.‘

AANANA
ehli L1

LLLLELIES

peELET

We can conclude from this that
there are two types' &f magnets, ’ ‘
and soft iron is used in making - TFigure 20. Arrangement of
temporary nagnats. . Molecules in a Magnet

L

‘In any magnet the ends are o N B .
called the magnetic poies (north

and south). 1If a magnet is cut S
into pisces each piece becomes l* ‘ ' 5! N
a separate magnet with a north: : : ' ,

.

and south pole (See figure 21.) I“ 5“ s;[“ X 5}!" !
If two magnets are suspended

and are fsee to move, their like ‘ ﬂ" SHN SHN s‘ }"

poles will repel each other, and

n

|4

their unlike poles will attract Figure 21. Breaking a Magnet
ench ather. (Ses figure 22.) , . Makes Each Piece a Small Macnet,
t . ‘13 X . f :

’ | . 120 '
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~Unli};e Poles Attract Like Poles' Repel
| Figure 22, Attraction and Repulsion -
< 7 '
. " . . - ¢ \ — e .
Lines of Forc: w SN
p /. ——— N x\
4 - = \ '
; | i§ ===~ 8 \
The space around a magnet in - B SN N | Sé /
* which its force may be detected is : h\\ ‘.{_&__::___.,__}.,.1 / »
its MAGNETIC EIELD. The magnetic N N OIS =EEEE A L
field is made up of LINES OF FORCE. B e s e
(See figure 23.) - P Tl B
@ f"-::'::——::-_:'-'-‘::‘.\‘\ \
. / I{U&\“"“‘@; ,;\\‘
- When the theory of the magnetic N A N\ 4*"," 4
force was proposed, it was be- ® \ v o~ A ¢
lieved that magnetic loops, or AN ST o o«
lines, emerged from N poles and -~—T
entered S pdles as shown in figure : - : :
23. The theory founded upon this ., Figure 23, .Magnetic Field
. belief has never been disproved. ° . Around a Bar Magnet
; ' Al\‘tho'ugh you cannot see a
' magnetic field, you can prove that
one does exist by placing a bar -
magnet under a piece of pl‘astic ‘or
white paper and sprinkling iron
fx.l:.ngs on top of the paper as
shown in figure» 24.
& l\. )
This experiment 'also proves '
tinat magnetic lines of force can
* pass tirough plastic or paper.
They will pas$ .through all sub-.
stances, including air. ‘In fact,
there is no known substance that T B _—
' . will insulate magnetic linas of . ' Figure 24. Patterm pf"
force. _ 2 . Lines of:Force
e A
. hd
. ¢t T
’ 14

. (‘.
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N wWhen a piece of soft iron is
' 7 placed in the air between the -
. ‘poles of ‘a magnet, the magnetic -
o “lines will take the-path of least
: fesistance. Consequently, the-
lines will pass throuyh the pisce
* of fron rather than the air. °
. 4See figure 25.) Wl

?

—

- * - - )
h Y
- . £
. N SOFT IRQN KEEPER
s - . h : . . ,_’
. “ . Figure 25. Effects of Soft ’
) Iron Bar on a Magnetic Field R
R Magnetic Inductien ] ‘ . £y
, When an unmagnetjized bar is o LT TS . ' )
placed within the magnetic field - ' e W T -
‘ of ‘anotlhier magnet, the lines of » "fx - ] R o
force will pass through the un- O R B j’;';rﬂ,‘,\ \
gnetized bar (see figure 261, ‘ it gt LT b
. alining its molecules. When the I A, )
molecules are alined, magnetism i~ - . 5_’;,«? .
results., This is called induced ol O -5 .
?_gpg_t_._i_spm. When magnetism 18 ' T - "
nduced into an unmagnetized . . ,
—.' . object, it'will assume a polarity . o , ‘
. that is the reverse of th - . .
" magnetising force. , ) Figure 26. Induced Magnetisn .
f § ' ' ) . " | p e }
Electromagnetism..” . : . . ‘

: Magnetic fields fm also produced by electric current. (See figure
27.) ‘Such fields ar¢ called elsctromagnetic fields and .are composed of
‘ ligx'es of force.like all other magnetic fields. The force of the field -is
sttongest cleose to the wire or conductor. : - b
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Figure 27. Magnetic Lines of Force Around a Current Carrying Wire

A stronger magnetié field cah be ob
., form a coil ag shown in figure 28.

T

\

Figure 28.

MAGNETIC FIELD  WIRE COiL=>
N Y,

\—- MAGNETIZING CURRENT

tained by looping the conductor to

A Current Carrying Coil has a Magnetic Fie -

'If the coil is wrappefl around a bar of iron as in figure 29, the

magnetic. field becomes still stronger.

This is because ixon, as has

already been stated, offers an'easier path for magnetic lines of force
than does air, and because the bar becomes magnktized and its lines of

force add to those of the coil. ' The iron bar becomes an glect:
havyng polarity and all the characteristics of any other magnef

romagnet

/~ WIRE COL .

MAGNETIZING CURRENT
- 4

Figure 29. The Electromagnet '
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. Left-Hand Rule : ' )

. The left-hand rule for determining the polarity of a coil is ) ,
illustrated in figurc 30. ; ‘ . -

If you place your fingers around the coil, pointing in the direction
. of electron flow tihrough the conductor, the thumb will point to the north
pale of the coil. It is understandable that reversing the current flow
through the conductor will reverse its polarity.

e! 1- ——— ‘ ( N

b
1 cunment . .

RELAY OR SOLENOID CORL

THUMBS POINTS TOWARD

NORTN POLE QF COIL FINGERS POINT ..

* N DIRECTION - L
OF CURRENT ‘ ' \

Figure 30. Left-Hand Rule for Detéfmining Polarity of an Electromagnet -
Three things determine the strength of an électromagnut; . .
Material in the core
Number of turns in the coil
U Amount of current tihirough tihe ceoil. :
As longj&s current flows in the conductor, the 1inés of force

surfound it. But when the current ceases td flow, the lines collapse and’
end iron bar loses its magnetism., Therefore, it is called a temnorary

gnet. '
- .
With an understanding of magnetism, you are now read; to study the ‘
operation of meters’ . PN , |
. ’ DC IETERS e . o

Ya - ] -

The refrigeration specialist needs to krdow jow to use the vQltmeter
y, - to measure the difference in electrical pressuré, tie ammeter tomeasure
‘- the current flow, .and the ohimmeter tc measure résistance. All of these
meters use a permanent magnat and an electromagnet in tieifr meter

* . _movement. , .
. : ' . . 4 .
. ’ . ' l -
. &
: 1
17 .
\A ? " ‘ , .
/ . . b
. 104 . N . ,
. -1 - 1 .
’ S .
. " ¢ 0,
¢ ~ - i .z‘k‘ 3 N '
« ! i !
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Mater Movement . ' . . SR _ ) -
The ?'Arsonval #etor movement consists of an elecéﬁémagneg rotatiné‘ i? .
in the field of. a pdrmanent magnet. (Sce Pigure 31.) . - o >
‘ ¢ o . Y 5
4 . b T

. i v
The feurrent enters at terminal _, ' -
"C" and causes coil #AB" to become
an electromagnet. By applying the
left hand rule for coils, you can
see that “B" 1s the morth pole and
A" is the south pole. Since unlike
poles attract, "A" will be attracted
by the north pole of the permanent
magnet and "B" will be attracted by
the south pole of Whe magnet,
causing the coil to rotate clock-
wisc and the pointer to move clock-
wise. If the amount of current : - '

through the coil is increased, :

naturally the magnetic ficld be- "}\ ,
comes stronger and the amount of *  Figure 31. Schematic|Drawing of
rotation wiﬁé&fncreasc. - . the D'Arsonval Meter Movement

-

If the direction of current flow is reversed, the coil tends to rotate
counter¢lockwise. Therefore, dc voltmeters and ammeters must be con=
nected into the circuit with proper polarity. The terminals of these
meters have their polarity marked. . T -

- . - S . +/’A\_

. + - ‘ + \_/ . B
DC Ammeter -——{EE}—— . . : *\\

The ammeter is used to measure
the amount of current flow in the -

circuit. Consequently, it will be ) R N
connected in series with the Figure 32. Ammeter Corfnected ‘
operating unit as shoyh in| figure 32. in Series w%th the Unit

The cpil of tne_Aeter movement 1s not af@ays capable of' carrying the.
current flow of the/circuit, In order to enable the ammeter «to megsure a
greater rate of cugrent flow, it is only necessary to add a bypass for
current or a shun¢l A shunt is a strip of metal having low resistance.
It is connected atross the meter terminals to' carry most of the current.’
It allows only a small part of the current tc flow thourgh the coil. ‘Ne
shunt may bce inside the meter case or it may be connec;ed‘externally.néy
(See figure 33.) : d

125
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e
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! .
\
\ * £
R .
‘ X
') ‘ A}
, SHUNT .
;‘h“Q L]
Figure 33 Ammeﬁer~Conétruction
)
Remember : .
! ( b . -
An ammeter is conmected in series*ﬁith the unit. . ~
«

Connect the positive terminal of the aqmeter toward the pGSlthE side

of tae cxrcuxt (See figure .32.)

.

" Know the ammeter current rating and the circuit current before making

any connectiqns.

DC Voltmeter T e

-

The voltmeter is used to
measure the difference in potential.
or voltage drop between
two points. The voltmeter is- con-

nected in parallel to the operating
unit. (See figure 34.) .

As, you dan see, frqm figure
34, the voltmetexr’ is the only
unit in a path of current flow.

To protect the coil of the meter
movement a resistange must be
connected in serlegﬂsf it. (See
figure 35.) .

The purpose of this resistance
is to limig e current flow
thirough the ter movemen Since
rte of the meter is
fixed, the amount of yoltage ;
applied to the.terminals determines
the amount of current flow through
the coil, thereby determining the *

' pointer movement.
19
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Figure 34.

sa 1e8C

Voltmeter Connected

Parallel to the Unit

.

HIGM .
RESISTANCE

AN

Figure 35,

-

}

.
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, Voltmeter Meter
Movement
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A voltmeter’is‘conne¢ted-
parallel with the uni¢.

Ramember:

Y

Connect the positive terminal
of the voltmeter toward the
positive side af the czrcuxt
as shown in figure 3S.

The range ot vnltagé you are
checking. 4 .

Chmmeter o -

-—

An ohmmeter is usad tQ measure e
resistance. It conta&ns a bat%ﬁ;z/
th

and a rheostat in series with
coil. (See figure 36.)

. The battery sapplies the power
to operate the meter movement.
Therefore, ;the main power source
must be disconnected when using
the meter. Severe damage to the
mater can occur if this precau't;on
is d;sregarded

When chmmeter terminals are not:
connected to a conductor, the cir-
cuit is open; consequentlycsxnce
there is no’ conhection from-the
negative side of the battery to
the positive side of the battery,
the coil cannot be enexgized, and
the pointer rests at infinity.
Infinity means that the resistance
is too great to be' measured. In-
finity is represented by the
symbol @@ shown in figure 37.

'
when the terminals are con-*
nected to a resistor, the circuit
through the coil is completed.
The pointer moves to indicate the
correct resistance. If the ter—
minals were connecterl across a fuse

- or switch, for example, therre-

sistance would be too small to
measure. The ohmmeter should
indicate zero resistance. Note in
figura 37 that zero is at the
opposite end of the scale from
infinite resistance.

a

\l
! ¢
- ‘ ‘ . K
\y J/-v' T
MAXIMUM ZERO
RESISTANCE RESISTANCE
! (2]
~ ’
S.
METER
- - MOVEMENT .
RMEOSTAT ){/BATTERY
1]
™ 4
ZERQ /. \\/
ADJUSTMENT TERMINALS
: a rgafk
Figure 36, Ohmmeter L N
* oy
2
METER
MOVEMENT
\ RHMEOSTAT SATTERY
il
ZERQ
ADJUSTMENTY
« : FUSE
LYY 1 eA(
Figure 37. Ohmmeter Indicates
Zero Resistance Across Fuse
, {

1
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* ~ The current ocutput capacity ot a battery may decrease with aqé-cf
{‘ abuse. A rheostat in the circuit compensates for the changs. Turning
i

i

a “zero adjusting® knob varies the resistance, therﬂby allowinq mn:e or
-leas current to flow through the coil.

Y To ad]ust the, pointer to zero before measurxng resxstance, the chm-
~ meter lesds-are touched together to allow the pointer to move’to zerxo.

If
it does not, the leads ‘should be held together while the zero adjustid&
knob is rotated until pointer does move to zero. \\
" Remember: L \\
-7 ) : . ? A
The ohmmeter has its own source of power. Circuit power must
be OFF. ¢ .
Adjust the pointer to zero before using the meter. ‘Use the ™
proper range jack for accurate reading. .
~

Multxmeter TS-297/U ! , |

‘The mu§timeter, TS=-297/U, is a meter for measuring ac and dc voltages,

direct current, and resistance. To select the desired meter, a SWITC
KlIIOB is set on OHMS, ACV, DCV, or MA, (See figure 38.)

-SCaAL ES g

/ ::gsnf' .

&
v , L
!‘ e
peeee COMMON ]
JACK
1{A0Y OMMS ZE8Q AQIUST
i 8
VOL TAGE p———swiTCN
RANGE QY
JACKS \
- ¥ L4
<:> —— DiECT .

|~ CURRENT ‘
x/?f RANGE SACKS ° *
- 'l

d
™

— A
§ RESISTANCE A Aal apio M e
‘ ' RANGE PN T ——— - P
JACKS 0 O ° 4
\ ) — ) e

_ | . . "y "

s * Figure 38?\\Bul;imeter T§-297/U ‘. .
21 $
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- The multimeée has a black and a red lead. The black lg9ad xs‘always
placed in the common jack. (See figure 38 to locate this jack.) The red
leadwis placed in the jack accordipg to the function desired. The 4V
through 1000V.jacks are for a¢ or dcGuvoltage measurements. For example.,
if you wanted to measure a 28V dc power sogrce, the switch knob would be

placed on DCV, the black lead .Placed in the common jack and the red lead
placed in &40V, ) . : .
Y .

The R X 15, R X 10, and R X 100 .jacks arc used for measuring resistance
ang-the 4 MA to 400 MA jacks are used fpr measurxng direct current.

The dial LS marked thh three
scales as shown in 'figure 39. .
The scale to be read depends on
the switch kndb setting and the
range jack into which the red lead
is placed. The top scale is used
for measuring resistance. It AC SCALE

ranges from "Elmm ' . Figure 39. Three Scales on Dial

ONMS SCALE

0 C SCALE

The centér&;afles'are used for dc voltage measurements and dc milli-/f#’fﬁ\

amperes. The scale ending in 40 is used whegy the red lead is in a renge
jack beginning Wwith "4." The scale ending in 100 xs used wnhen the red

lead is placed in a range jack heg;nnxng with "1. (Sec figures 38 and
39.)

The lower scale, labeled ac is used for measuring ac voltage. It
also has two sets of calibrations - zertc to 40 and zero to 100, used“xn
the Same way as the dc. N ~

The RHEOSTAT KNOB is used to adjus{ the meter pointer to zerec wihen
the multimeter 15 used as an ohmmeter. 3

Remember:

-

s

To prevent damage tO the multimeter when measuring vcltage,
current, or resistance, always start witih the highest range to
obthn the approximate reading. Then use tie lowaest range
pOSiggie as indicated by the read;nq. -

Be sure to rcad the correct scale,

. Y ]
Higih voltages are dangerous apd may' be fatal. Follow post;d
safety rules. :

Shut off power when measuring resistance.
Isolate components for accuracy.

DO NOT LEAVE THE SWITCH ON OHIS WHEN THL MULTINETIS
IS NOT I USE, BECAUSE ACCIDCNTAL SHORTING CF THL
TEST PRODS WILL TEND TO DISCHARGI THL BATTEIRY,

SUMMARY

Magnetism means the ability to attract iron. Hard steel {s used in
making permanent magnets and soft iron is used in making temporary magnets.
All magnets have 'a norti and soutﬁ pole and a magndgtic field surrounds the

magnet. N , ‘ 1 ~ () ‘
: 22
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Electromagnets arc made by inscrting a soft ironacorgkthhxn an
energxzed coil of a conductor.

Permanent and electromagnets are used in meter movoments, Meters used

" . by the refrxqeratxon apGCLalist aro the.dc and ac voltmeters, the ammeter,
and the oirmmetor . .

l

Polarity must be observed when connecting ammetgrs and voltmeters in a
circuit. Power must be OFF, when connecting an chmmeter in a cxrcuxt.
- . .y
The multimeter can be used as an ohmnetcer, ;n'ammcter, and a

voltmeter. ~\\\ | ‘ L

QUESTIONS _ : g o

=
' 4

1. List three thihgs that determine the strength of an clectromagnet. ™

f .

. -

2. UWhat does the symwol OO mean?
3. Which meter has its own sourcce of power?

4. ' what does any dc basic meter movement consist of?

5. What is an electromagnet? : R | B ,
6. low can the polarity of an electromagnet be determined? -
7. Wwhat is’ the arca of attraction around the magnet called? | ’
o \
o fag
. - ! ‘
bl ) ' { ¢
s -
A
4

e
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Current may then de found by dividing. I will equal 3 amperes

speaten III s
} OlII'S LAW AiD CIRCUITS t )
INTRODUCTION - . .

Your ability to analyze electrical troubles will depend upon your
knowledge of the circuits involved. This section of”tiie study guide
explains thie types of circuits, tleir characteristics, and the rclation~-
ship between voltage, current, and rosistance’ in cach type of circuit.

. OHI1'S§ LAW

There is 3 definite relationshi§ between current, voltage and re=-
gistance of any circuit. If the voltage is increascd, the current in-""
crdases proportionately. If the resistance is increased, thc current
decreases proportionatcly. This relationship is known as Ohm's law.
Oohm's law can be stated as follows: The current in a circuit is-equal to
the voltage divided by the resistance. Mathematically it is written as
follows: , : g

I =E
R

- . ’ #
The letter I stands for current; E stands for veltage or EMF; R stands | -

" for resistance. When voltage is known to be 12V and resistance is known

to be 4 O , these known values are substituted for their corresponding
letters in the formula. The formula now recads '

[ = 12V
0

The equation can bc converted to read R = % . Let us suppose that

the known factors aro 12 volts and 3 amperes. The known values are again
substituted in the formula. :
R - lzv ) . Af
SA L]
4 L ‘
By dividing we find the resistance to be 41 e -

Still anotiier equation is available, E = IR. Suppo-c that the known
factors are 3 amperes of current and 4 Q@ of resistanci:. After sub- . ‘
stitution, the formula is E = 3A X 402 . By multiplving in this instance,
voltage is found to be 12 volts.

These tliree egquations will enable you to find any of three factors |’ )
(voltage, current, or resistance) if you know the other two. An easy wvay
to rememver the three relationships is to place them in 4 triangle as
sacwn in figure 40.
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- o ruga {AMPESRES: RLACK TO FIND R (QMME! PLACE To fma-l (VOLTS! RLACE
. .
TRuMS OVERY AND OIVIDE TrHuME QVER R AnD QiViDE TRUMSB OVER & ANO MUL TR Y
L% LN J v INDICATED L AS INDICATED AS INDICATED
E-vOL TS | 13 AMPERES R:QmMmE

* .

- Fxgure 40. Ohm's Law Chart

If you place ypur finger over the factor you do not know, the relative
positions of the other twoeknown factors will tell you what to do.

, TYPES OF CIRCUITS

Electrxcal cxrcuxts can be dxv;ded into three general classifications:
series, paraldel, and series-parallel.

Series Circuits
~N

A series circuit can be defined as one in which there is only one
path through which the voltage can force the current. 1In fxqure 4I is a

diagram of a series circuit.
’ —\— *;><t; <:E:}_4E;;> o

[ L 24

h ¢ Figure 41, A Series Circuit

CHARACTERISTiCS OF SBRIES CIRCUITS. Since there is but one path
for the current, all the cu:rent is forced through each resistance; con-

sequently, current is the same throughout the circuit. In figure 42,
the ammeter has been wired between t&e ® 0 lamp and the 2 0 resxstor.

The EMF is 24v. The ammeter is indicating 3 amperes of current.

. .
s

.

[ FARRT P L

%igure 42. Ammater. Indicates Three Amperes
26



In figure 63, the resisgtance and Ehf_hnv remained the same. You ‘ -~
will note that tie ammetex Ras been wirad so that it :.is now between the t"‘ N
. lamp and the switch. Since resistance and voltage determine current £ Yow',

and tiiese have remained constant, .the amgetey still indicates 3 ampcrtl.f/ -
efl* ‘

~

| 2av ’ '""\\J' ;><‘ {:::)“‘é;;;>“““““”"‘ ) ) .
. \\\ = | J

.

. £ €< - 1628 .
Figure 413. hmmeter Contiries to Indicate Three amperes 3 N
- .-
3 The second characteristic of a series cirguit xs-tnat the sum of the Y
: voltage drops across each of the resxs:ahces should equal the total cor
appiied voltage. J[See figure 46.) v R )
2‘vm ’
\\ ' 4 ke
A ‘. < .
18V46V3 24V
y ' . . tC- a2 S -
Figure 44. Adding vVoltage Drops
< .
- The third characteristic is that the total resistance is equal to the
sum of tne resistances of each unit. Tee figure 49.) . R \

s+ 20 =81

|

< ‘ll"‘ {!!’& | ‘

€C-1638

Figure 45. Adding Resistances

Parallel Ci;cuits ' '

A parallel circuit is one in which there are two or more paths for
voltage to force current through, containing only one unit of resistance
in a path. (See figure 46.) o

|

. ' *
'

27
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© -~ /'A ; . ! i
I . .
);;3 9-‘ . ) ) LI ,
€ - r/ ) ’ . ! i o . AA
. ] —‘f“ % *_X‘ @ Rt —~ N
1 . < 7 -
f - ‘ . ‘. ) < : : (;-1.51
;- . . Figure'{é. A .Parallel Circuit ‘ . *
: CHARACTERISTICS OF PARALLEL CIRCUITS. The "total &urrept in -the circuit -
‘ ' %s equal to the sum of the currents fldwing through all the paths,. (See -
. . ‘figure .} sa ’ - -t
P ) o a o
e | mami e N
;\\ * - G -
\ - . « . A
' {
.‘ ‘
A
\ *
) & - o ‘
/ -
' | Figure 47. Adding Curyents oo - .
. . ‘ i ‘. . ,
' From figure 47, you can jsee-.fhat the total amount of current ‘is :
greater than the current in;ady dndividual path, T ¢
- ) L. - ‘. ‘.“’ ’f 1
; The second characteristic tirat tilg. voltage across each unit. in
\ Paratfel is tne same. (Sce-figure 48.) ~ .
B ff . - . o R - = ] -, .
- r—— 4\ﬁ X% lf'A\— Ry ! ¥
’ ' £
- ‘ L
¢ ) f( -
] . ¥ i
TEredels L
N \ | k
Figure 48, ' Voltage Drops tic Same -~
: X
. The total resistance, tuat is, the resistance of the circuit as a -
whole, is Tess than thie smallest resistance in 1t., By referring to '
- $igure 48, note that the rosistance of Li-is 6 0 and the resistdnce of L,
' 1s 3 @ . The total resistance of tne c%:éuit must be less taan 319 .
: Al . . {‘.l
oo .

&
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be:xes-?atallnL Circuits . f ' ‘ - Q‘
A.sk:xusﬁpnrayiel exrcu:t is ohe inm whiah somd units dre in sexies .o
and others are xn!paralldi A diagram, of a s;ries-parallel czrcuzt can

be sceen in fxgure 49. . - .
* A . :.
P K t’} < '3‘
’ ‘ ' ‘\‘ § ) H :
< ! . . - v
! » . ' ‘
. ) - Figure 49. A ‘Serigs- Pa:allel erauxt .
" ‘from figure 49, you can see that the two resistors dre in se:ies and ~ '
R; -and the light are id series, but that Rz and the light are in
parallel. + ) . . . »
CHARACTERISTICS OF SERIES PARALLEL @CRCUITS . The characterzstzcs for . |
the series-parallel circuit are ‘a combxnatxcn ef rhose for the. series. :
and the circuits. Study figure 50, r
M L BA ) - .
F23Y ) ' : * D
- \ . | .
S .
. 1 -
Figure 50. Voltage and Cu}:e#{Fin»a Series-Parallel Circuit .
. ) , '
\ v & ' - * . ' . - o
SUMIMARY ‘ + . ’ S
J ) . L 3 ,‘ v v ¢ 0 L
' The relatxonshxp between voltage, current, and resxstan e is.called ,
' % ohm's law. Teo use the Ohm's law triangle two factors musy] e known. .
. . . . & .
. ) There’ are® three types of circuits; series, parallel, and R RS
. series-parallel. . : ' &13 :
: - Each type of circuit has specific champacteris¥ics concerning yvoltage,
current, &nd :esistance. : * !
l. " In a series r;rcuit current is the same,*volcaée drops. cam be added
X" and resistances can be added. ‘ A / ~ 7N

In a parallel circuit, only the currents can be added.\ VQitage drops
are Fhe~same and total resistance is less than the smallest :esxstance. .

& - .’ ] ) ' v ‘3\
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-
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* SECTION IV«

TROUBLLSHQOTING DC CIRCUITS )

LT SRV

iiTRQUbLTION B

Trouble with a refrigeration Ehxt often invglves electrical problems,
«The refrigeration specialist should be able tg troublesiicot electrical
circuits. He can simplify his problem by determining if the malfunction
is electrical or mechanical. Troubleshooting can be defined as a b
“systematic method of locating faults in an electrical circuit.”™

WIRING DIAGRAILS A 5

L
a

A wiring diagram of the elactrical system on which you are wogkxng
should be obtained so that you will understand the type of circuits and «
the units involved. In figure 51, a wiring diagram of two circuits is
shown. By studying them; you can se€e that circuit A consists of a fuse,
switch, conductors, and two lights wireld pasallel to eacdli other. C&rcuxt
B cons;:ts of the same units. A picture of the circuit will aid in
-tcroubleshobting and making operatxonalAchecks of the units.

-

¢
-~

A ‘f/ A3 Aa As Ly
* «tia\yf, *— & Tﬁ -
A 3
»> o ' e
< <
A9 L
L § ¢ ) 2
‘ i
‘ - <

B-8

- . - ]
) I ' . g8-& 8.7 ,
. L

&C - 147

3
Figure SLJ A erlng Dxaqram

. OPERATIONAL CHECL
.t
After studying the diegram, check the circuit for normal operation.
An operational clieck of circuit A, figure 51, would be performed by
‘closing the switch andg checkxng to see whether both lights burn. If they
do not burn, or if they stiould "be burning with switch A in the OFF
posxtzcn, then the circult is considered faulty.

1



. TYPES OF TROUBLES

) An important fact to :ememuer is that t?ere are only three types cf
troubles; opens, shorts, and low powerl
Opens' - . i ' - - !
€An open circuit’ is one that has a break somewhgre in it, This break -
could be located in the wire, in tne switch, fuse, or in the unit of
resistance. In fact, it could exist anywhere. Vanurally, 1 84 ere is a

break, thege‘can be no current flow; consequently, the unit of resistance
would not be cperating. (See figure 52.) '

e " QPEN
\ . —— ,__AX /
. , F

wi

. . - ‘ . &
. R ’ £C-"s1 4 \

. Figure-52. Open Wire

Trhere are four different testers that can be used to find au open.
These are the voltmete:, continuity tester, ohmmeter, and test llght.

LOCATING OPENS. The exact location of an cpen can be found by using
the voltmeter. You should, first' of all, undeirstand wvhat a voltmeteY
indicates in a normal operating circuit. Figure 53 illustrates mormal
voltmeter read;ngs Eﬁrouqhout the circuit. :

/S~
+
?v ?\: 28v

Figure 53. Normal Voltmeter Readings

A voltmeter connected posxtxve to negative should always indicate the
dxfference in voltage across the two points. A voltmeter connected
negatxve-to-négatxve or pesitive-~to-positive should not give a difference
in electrical pressure. - (See figure 53.) Readings other than these are
considered abnormal. Exact location of an open can be found in the
positive @1 negative parts of the circuit between a normal and an
abnormal reading. ‘ \ ‘

EC-1824
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A

Figu:e 54 illustrates a voltmetes being used to find an opdh in wire
A~4. Note that wire A-4 1S in the positive part of the circuit.

<

. A7 A8
& —g

[ . i
&2 Al A4 »
w

NORMAL ASNORMAL .
READING READING AS o A8 . _

. -
»
. =]
v laev ov ov ov

€c-16m

" Figure 54. Locatinq an Qpen in wire A-4

:+ In figure 53, 3 voltmeter is being used to locate an open- in the
negatxve part of tie circuit. The exact location is wire A=6.

A2 Al

3]

+
I .
o @
ofoliololoMfolofoliolo
o ¥
) A v v ) (} v
28V 28V 28V 28V 28V 28V F3-14 z 28y ov
HIE
] B
i ——o—o —o— ——4—

¢ ¥
Figure 55. Locating an Open in Wire A-6

The same procedure is used in troubleshooting an open with a test
light; however, a test light will not. give an 1indication of the amount
of voltage present. All ycu know is that there was enough current

available ta burn tae lignt.
Opens can alsc oe found by using an chmmeter or a centinuity meter.

Power must be off and the circuit isolated when using _o.txnuxty testers.
Irn figure 56 an onhmmeter 13 being used to lccate an open in wire A-6,

. , 1

3 A4 AS CO A7
.- —_ X
* +r=
) i
. | E
l
: D @
o= &= o T ;
. | 7 A
ABNLRML NORMA
REAT NG ~EAD NG
82K
Fiour? 36. Eocat;gg an Jpan 1t w Thmmever
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In‘figure 56 you will notice that the ohmmeter should have Been

x

registering continuity all the way through the circuit; the open is found -
betveen thie continuity reading (0 ) andes’.
T |
SiIBR‘I‘S L A o \
K ) . ; $‘ * .
A short means that therbt is contact where there should not be coptact;
consequently there is current flow where there should ndt be current flow.
* Indications of shorts are units operating that should not be cperating,
blown fuses, and tripped cxrcult breake:s. [ , ‘ .
< : ‘ i
Direct :hort T
In the case of a direct short,
_a negative lead is in contact ,
with a positive lead, by passing
thie unit of resistance.
A
From figure 57, you can see
that current in this situa¥tion will
y take the path of least resistance, L,
The excessivé current flow will
cause the fuse to blow, or if the
protective device happens to be a »
circuit breaker, the circuit s
breaker will trip, opening the , ‘
circuit. : ) Figure 57.; Direct Shbrt -
LOCATING DIRECT SHORTS. Some kind of a pontinu‘z’/y tester, such as
the zh.ommeter, continuity meter, or continuity Jdight, should be used in
> locating direct shorts. The positive leads should be isgolated and the
testing device connected across the isolated leads. lotice in figure 58, A’

an ohimmeter is being used to locate contact between isolated positive
leads and the negative lead. Only the ohmmeter connected ‘to A-4 lead
indicates continuity (0 @ ); therefore, -A-4 lead is shorted to the
negative side of the circuit providing a short cut for curresmt flow,'

‘/-\/. 2 | A3 | Ad
'_\\\ . e ' Qf’#’€1+:j—0‘

) &
P 4
a
- ¢ [ -«
¢ > - &
£

n)., » <ﬂ 0z
.- N n N3
‘ I}
. £
1 . / . . - ?

~ F ’ - _ . - -

\

*  Figure 58. . Locating a Direct Short
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. ' ) :
. Cross Shorts *
. " WHereas thc direct short is contact between the positive lead of a -,
circuit and the negative lecad of a circuit, the cross short is caused
.~ by the positive leads of independent circuits ccming in contacsfwith each
e " Qther. . ) : : .
B . * ’ < A ' - .,

_ - )

. During an oderational check a cross short is indicated by two

) . independent unit$ operating from the samg switch. In figure 59, positive
lead A-8 is touching positive lead A-3. “Everr tholgh the switch which
controls L is open, there i5 a.complete path for curyent flow .from
A-3 to A-8; consequently, Lo burns. * -

v o ‘ -
- . .;“f\, A3 iwp as . o LA .
— e + A _;ﬂ\“’_ ‘ ir{‘ 4;><‘ ‘ ' N, 5
Co. . P s - L § - ¢
. : R (L SR o .
. 29 - Al LA ;— | - A6 | ;e
' a- ‘ ~ ~ - ~
! ’ W ¥ SRl <
. i . ‘ . L l
l — €C-1630 ,
; M ) ' ) .

L _ o° y Figure 59, Cross Short . ' , "i |
n - ‘ . X ' F N ' -
P . . . < .. . §7

_LOCATING CROSS SHS§TS; The samil testing devices and procedures v
~are used in locating cross shorgs as were used in locating direct shorts.. .«
Power must be off and the positivesleads of both circuits isolated. (See -
figure 60.) o - ¢ ‘ . ‘
. Lo ‘ : .
. -~ * ! . . : ) ¢ ~ ’
- « . . - . B
[ 4-“ ¢ ' [ AAJ“ -8 [
o ¢ ¥ -
. ’ N
. - N N . ‘.
T AB A7 ' ’
* v —o A . .
PR A M
) Figure 60. Probable Leads Isolated - , . . .o
After bLoth circuits are risolated, the tesé&nq.device is connected .
across the prowandle leadd, such as A-3 to A-7, A-3 to A-8, A-4 to A—8,3
or A-4 to A-7. .Note that any of thes& combinations would have the same
effect. 1In figure 61, the ohmmeter shows the cross short to between .
\ A-3 and A-8. ' ~ v
‘ & . 'y
‘y .
) - ¢ ,
' 35 Co
& : ~ :
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Figure 61. Locafing a Cross Short Cor
A shorted switch is one that fails to break contact whel} it is placed
in the off position. The effect of a shorted switch is that the unit -
operates contxnucusly. Any. testxng device can be used to deteYmine whether
the 'switch is defective.” In figure 62, an ohmmeter indicates. the sw;tch
is shorted. - " ‘

e Ao

M ¢ ¥ . £C-164C

Figure 62. Checking for a Shorted Switch

+

Low Power

This condition is often found in old buzldxngs or in areas where the
electrical lcad has been increased without increasing the size or number
of electrical circuits. A 'low power condition is indicated by sluggzsh
operation of units and dim lights.

g

If a low power condition is suspected, all the electrical units on the
¢ircuit should be turned on. This should create maximum current flow.
Voltage drops across the units should be compared with total voltage.
Figure 63 shows a l1iine loss check.

o <
J \\‘; . -

Figure 63. Voltage Drops Should Equal Total Voltage
36 '
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. circuit.

QUESTION : \

N F . . S ] Y -

’ j‘ii'a low power condition is discovered, the electrical load must be
reduced or a-new circuit installed. . :

N
SUMMARY -~ |
Troubleshooting is a systematic means of locatigg malfunctions in

L}

-

The three types of troubles Ara: opens, shorts, and low power.

Opens prevent tie flow of current, whersas a short allows it to
flow where it is not wanted, Low power causes sluggish operation of
utits. ‘ '

The te“ting devices are the voltmeter, continuity meter, chmmeter,
continuity“light, and test light. o '

Continuity devices must Ze used in circuits where the power is off and
the circuit isclated. Vol ter and test light are used in circuits

. where the power is left on. '

1. What testing device cannot be used in locating a cross short?
2. Wwhat is the indication of a direct sho?
3.« What is one cause of loWw power?

4. jhat testing devices are used in circuits where power can be left on?

5, How is the.circuit checked for low pow?r? N

6. What is the effect of an open circuit?
7. 'What is aBjorted switch?

. . Y
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PURPOSE OF STUDY GUIDES, WORKBOOKS, PROGRAMMED TEXTS AND HANWUTS

Study Guides, Workbooks, ro?ramed Texts and Handouts are treining
ra

aublications authorized by Air Training Command (ATC) for student use in
ATC courses.

The STUDY GUIDE (SG) presents, the information you need to complete
the unit of instruction, or makes assignmeénts for you to read in other,
pubHcetions uhich c:ontein the required 1nfomtion | —

Th~ WORKBOOK (WB) contains work procedures designed to help you
~achieve the leaming objectives of the unit.of instruction. Knowledge
acquired from using the study guide will help yo rform the missions
or r:bxgor:hes. solve the prodblems, or answer quest1 presenteﬁ in ‘the
WO 1

The STUDY GUIDE AND WORKBOOK (SW) d:ntains both SG and WB material
under one cover. The two training publi::tions are combined when the WB
is not designed for you to write in, or when both SG and WB are issued
for you to keep. ' ‘

"~ The PROGRAMMED TEXT (PT) presents information in planned steps with
provisions for you to actively respond to each step. You are given
immediate knowledge of the correctness oﬂ each response. ~ PTs may either
replace or augment SGs and WBs.

¥

The HANDOUT (HO) contains supplementary training metérie'ls in the
form of flow charts, block diagrams, printouts, case problems, tables,
forms, charts, nd similar materials. 1 .

Training pubHce.ions are designed rfor ATC course use only. They
are updated as necessary for training purposas, but are NOT to be used
on the job as authoritative references in preference to Technical Orders
or other official publications.
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. IDENTIFY ELECTRICAL UNITS AND CIRCUITS

OBJECTIVES

To aid you in gaining practical experience in identifying cli%trical
symbols, using electrical diagrams, wiring electrical circuits, and
checking current flow in circuits. ‘

PART I
- ) IDE@}FIC&TIQN OF UNITS ON THE TRAINER
\

A Diagram of the Trainer

1. Above is a diagram of the trainer to which you have been assigned.
Under each unit on the diagram is a space provided to write the name of
the unit. Identify each unit by writing its nomenclature on the heavy
black line.




)42

PART II |
AN ELECTRICAL DIAGRAM -

1. Bcfa:e wiring any electrical circuit, a diagram of the circuit
should be drawn. The units to be included in the diagram are a circuit
breaker, a SPST switch, an ammeter, and a light. Draw lines on the
fo;lcwxng diagram to raprnsent the wires you will place on the traxner.

.

2. Have the instructor check your diagram.

PART III -

WIRING AND OPERATION OF THE CIRCUITS

CAUTION: Remove all jewelry.

R}

1. Wire the circuits on the crainer assigned to you by the xnstructor.
i Use your diagram as. a guide.

NOTE: Use the Yarger bulb.
2. Have the instructor check your wiring.
3. Turn the circuit breaker and the switch to the ON position.

a. 'How much curreﬁt is in the circuict?

b. what meter is used :o measure current?

c. What L;\th unit of measure for current?

da. w?at is current?
4. Turn the switch OFF.
5. Replace the bulb with a smaller bulb.
6. Turn the switch ON,

‘ | a. - How mfch current is in the circuit?

b. Did currant increase, chreaqe, or ;éhain the same?

c. Why?




~

[3

d. What determines the amount of current flow in the circuit?

- | 7

- o

—

REMOVE ALL WIRES

-[’

7. The units to be included in the circuit are a circuit breakéra a
rheostat, an ammeter, and a light. Draw lines on the following diagram
toc represent the wires you will place on the trainer.

. . t R . : 4
1 !
. « T - . ' e .
, )
.

. | . - .j - *
o~ Tewss

»

4. »
{ -
- @
8. Have the instructor check your diggram. ‘ i
9, Wire the circuit on the trainer.
10. Have the instructor check your wiring. )
11. Turn the circuit breaker to the ON position.
12. Turn the rheostat as far to the left as you can without turning
— the light off. ‘ ’
a. - How much current is in the circuit?. -
b. Does the light burn "bright"™ or "“dim"? ﬁ

13. Turn the rheostat as far to the rigﬁt as' possible without turning
the light off.

a. How much current is in the circuit?

b. Did the current increase, decrease, or remain the-same?

c. Doas the light burn bright or dim?

14. Beside each of the following symbols, write its name.
a. quii Name

b.'+(::>" Name




Name

d.

Name

.

L.

1

- Name

g.

Name

9CEL~5L ~ai

(

Name

Name
Name

Name

Name

m.

Name

n.
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MULTIMETER READING
.OBJECTIVE

- *
To learn to set the multimeter and measure dc voltage, ac voltage, and
resistance.

PART I

P USING THE MULTIMETER AS A DC VOLTMETER

1. Draw on the following meter faces, the indicating needle in its
pProper position. Then fill in the blanks below the meter faces to show
the proper setting of switch knob and range jack tor the meter indication
given '

Indicating 24 v DC . Indicating 1.5 V DC

Switch Kncb . Switch &nob

Range Jack Range Jack -
50

-~ t -
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2. In the diagrams below, different range' jacks are listed beldw
each meter face. NWrite whaq‘the meter would be indicating on each
specific range in the blanks provided. .

Range Jack Reading . Range Jack Reading
1000 V ' Volts 400. V Volts

100 V ' Volts 40 Vv volts

10 v Volts 4 v Volts g
. Q

v

Range Jack Reading Range Jack Reading

100 Vv Volts _ 40 V Volts

4 v Volts ‘ © 100 V. Volts - ‘
1000 v Volts 10 Vv F Veolts

10 v - Volts 4 v Volts

3. On the trainer aséigned to you by the “instructor, put the trai..er
cord plug in a 110V ac receptacle.
- -~
4. Set the traiger switch to DC position.

NOTE: Red light should burn.

5. Set the multimeter to measurfe dc voltages. -

4



6. Make Mid rec

indicated below.

R
ord voltage measurements

Trainer Terminals : A

1l to 2

14

14

to

- €0

to
to

to

to

to

to

to

to

to

to

17

17

10

12

14

13

16

18

17

17

18

between trainer terminals

Voltage

Y
p—t
e}
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PART, II
EE i - |
Using the Multimeter as an A.C. Voltmeter
1 . . L - ‘\“.-‘ )
1. Draw on the followihg meter faces the indicating needle }n its proper
position. 'Then £ill in the blanks below the meter .faces' to show the
proper setting of switch knob and range jack for the meter indication

gigen. . ; . 3 ¢

Q
1000V

| Q AGV
- 4;:\; .

. Q Q - Q.
I00V  OHMS ZERD ADJUST 400MA 100V  OHMS ZERO ADUUST SOCMA|
OHMS ooy o O  OHNs ACY' bev
\ | / ma \|l/ ma O
40V IOOMA| 40V . 1008
Q o) Q |
ov 40MA oV 4OOMA
O O Q e
av | 4MA 4\ . 4MA
RXI  RXI0 RX(00 RXI RXIO RXI00
8 88T 98 TW o,
Indicating 110V AC A Indicating 220V AC
Switch Knob ' Switch Knob
Range Jack _ Range Jack -

—~
(W
i




2 In the diagrams below different range jacks are listed below each

neter face. Write what the meter would be indicating on each specific
range in the blanks provided.

2.

Range Redgé:? Range Reading
100 v Volts | iv Volts
' 40 v Volts 100 v . , Volts
10 v ' vVolts 400 v Volts
- 1000 V Volts 1000 V Volts

\ 3. Set the trainer switch to AC position.
NOTE: Red light does not burn.

4. Set the multimeter to measure ac voltages.
s {

\ "~ 5. Make and record voltage measurements between trainer\terminals
\ indicated below. '

E . Trainer Terminals ' Voltages
[ "2 to 17 ( _

\ 4 to 17
| . 1l to 2

3 to 6

. 5 to 10

\ 6 to 12
7 to 14 -

| 10 to 13

\ ' , 12 to 17
. 14 to 16 _
\ 14 to 18
\ 15 to 17 )
. 16 to 17
| 17 to 18

6. <Unplug the trainer.
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- - ’ PART III
, . USING THE MULTIMETER AS AN OHMMETER - _
| - 1. Draw‘on the foxlaéing mﬁterviaces, the indf&ating needle in its *
proper position. Then fill in the blanks belew the meter faces to show
the proper’setting of switch knog,and range jack for the meter indication
; given. g ) ! | o
1 . e . .
. 1000V OHMS : OMMS
S Ry o ‘ By I
Q v |- ~— A )
L 40OV @ AV ledov Acv
= Q g O Q S, -
100V  OHMS z&g’: ADJUSTA00MA;| . | 100V OMMS ZAEdR\P ADJUST 400MA}-
ONMS Dev 0O O\‘ OHMS oGV o}
\_1/ ™A , \_| / ma
40V Kglt 40V ICOMA|
1 O . '®) ol
. iov 40MA oV . 40MA
) SR AR 2
RXI  RXiO« RX|0O RX! RXI0 R:I00
O O O |
S o 8.8 T o
) B i
~~~  Indicating 5 Ohms Indicating 2000 Ohms
‘\¢,// - Switch Knob

Switch Knob

Range Jack Range Jack

11




% 2. 1Ia the diagrams below different range jacks are listed below each
meter face. Write what the meter would Be xndxcatzqg on each specific
range in the blanks provided. .

Range ' Reading S Range Reading
Pxl1 . . " Rx1
R x 10 ' . R x 10
R x 100 ¢ ' R x 100 °
L\ ~"
3. Set the traimer SWLtCh to the OHMS pos;txcn.
N] 4. Set the multimeter to measure resistance.
. S. Make and record measurements betWween trainer terminals indicated
below. '
) Trainér Terminals ‘Resistance
l to 3 -
] to 5
~, : 1 to 11 . d
2 to 10 ‘ k )
2 to 12
3 to 13
4 to lb
5 to 11 R -—
5 to 13
7 to 9 T
s
8 to 16
S to 17 .
10 to 12
11 to 13
- 16 to 18
: !
\
‘ 12 lr,v
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CHECKING UNITS W

_ pAR:}v
| {TH AN OHMMETER

¢

1. In the éiagram be
ath I flow, 0 for pa

R in it) would be if the [units were good.

‘

»

o

Reading

Reading Reading
]
g. h. i,
/ | g
Reading Reading<
<
. 13
y y
159

)53

, Write 'ﬁhat the meter indication (0L . ¢
for I flow, O+ for path for I flow with some



Reading

lon

14

Reading
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WIRING A SERIES CIRCUIT

OBJECTIVES
To aid you in gaining pracfical expériepce in wiring series circuits

using electrical diagrams, xng Ohm's Law in series circuits, and
checking voltage and current in series circuits.

CAUTIONS
Remove jewelry
Turn electrical power OFF before wiring circuits or removing units. ~
Be sure of correct multimeter setting before making measurements.

1. In the space below, the units to be included in the series circuit
are a circuit breaker, an SPST switch, an ammeter, and two lamps. Use
lines to represent the wires you will place on the trainer.

¢
+ o ‘(—)S:_» <4f/;%

2o
| E-0—&
—e ‘ p ‘£;<::>;5

-

E Y
2. Have the instructor check your dxagram.

3. Wire the circuit on the trainer usxng your dlagram as a guigde. N

4. Have tie instructor check your circuit.
R
NOTE: Circuit ammeter will be used to measure current. A
multimeter will be used to measure voltage drops and applied
voltage. Ohm's law will be used to determine resistance.

S. Tumn -the switch ON and complete the following for the circuit.

\LAMPL LAMP 2 TOTAL
£ {
I -
R
) 15



\

i

6. In the diagram below, use lines to represent how the fixed resistor

would be wired in series to -our circuit.

‘———~———‘/’T>i:~ 4‘/!¢~ —Eﬂ ) {E}AAAAANAA4EJ
| | |
—_ | . EB——<£é2}_—_{§J

A
-

K

7. 'Have the instructor check your diagram.

8. Turn the switch ON and complete the following for the circuit.

LAMP 1 LAMP 2 RESISTOR

E

TOTAL

I

R

- .
9. Ranove the wires you placed on the trainer.

L4

10. Complete the.following statements. ’

a. A series circuit is a circuit with
flow.

b. The sum of the voltage drops should equal the

Nitaqe-‘ y

c. Current is the ' throughout a ser

path for current

{es circuit,

d. Total resistance may be found in a series circuit by

the resistances of all units.

e. As units of resistance are added in a series
»

the current flow decrease, anrease, or remain the same?
'

£f. As units of resistance are added in a series

total resistance decrease, xncrease, or remain the same?

s

16

circuit, will.

circuit, will the

i

)56

L

1
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11, Solve the following circuit problems.
a. Probiem No. 1l.

: | & . ©n A
- —(X)> D——D——
Vv | W -
4V : Ly Ly
, Fill in the blanks below . o
LAMP 1 | LAMP 2 TOTAL .
E
4
I
R 40 A 201

b. Problem No. 2.

b 3

Fill in the blanks below.

LAMP 1 LAMP 2

LAMP 3 TOTAL

R 100

300 \‘_ 209

17



Ce Problem.No. 3.

'
! ’ . 3

16 V -
8v

T\ )

. -; Yoo, T - f‘ . ‘.
. M T‘ .
- \ .

Fill in she blanks below.

LAMP RESISTOR TOTAL
16V 28v
. 2A

d. Prcblem No. &.

18y 8V

S A) — D
TV O

Lo

Fill in the blanks below, ~
LAMP 1 LAMP 2 RESISTOR TOTAL

18
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WIRING PARALLEL CIRCUITS

OBJECTIVES

To aid vou in gaining practical experience in wiring parallei circuits
using electrical-diagrams, using Ohm's Law in parallel circuits, and
checking voltage and current in parallel circuits.

CAUTIONS
Remcve jewelry

‘ Turn power OFF before wiring circuits or before removing and
X adding circuit. components. :

Be sure of correct multimeter setting before making
measurements. . .

. 1. In the space below, the.uniﬁé to be included in the circuit are a
circuit breaker, an SPT Switch, an ammeter to indicate total current
flow, and two lamps in parallel. Use lines to represent the wires you will
place on the trainer. «

- + — /-’L—/-——E} | Caac!

2. Have the instructor check your diagram.

3. Wire the circuit on the trainer using your diagram as a gquide.
4. Have the instructor check your circuit.
NOTE: Circuit ammeter will be used to measure current. A&

multimeter will be used to measure volt ge drcps and applied
voltage., Ohm's law will be used to determine resistance.

N~

S. Turn the switch ON and complete the following for the circuit,

LAMP 1 LAMP 2 TOTAL

ta

r

- 19

|
.0
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A - .

€. In the diagram below, use lines to represent héw a third light
would be wired in parallel to your circuit.

NP, SR UL ry .\ E—@—@ |

7. Have the instructor check .your diagram. Coe

8, Turn the switch ON and complete the following for the circuit.

LAMP. 1 LAMP 2 LAMP 3 TOTAL .

. R ¢

9. Remove the wires you place on the trainer.

10. Camplete the followiﬁg statements.

a. A parallel circuit is onme with or more paths for
current flow. o

¢

b. The voltage drop of a wn.t in a pagallel circuit should be

egqual to the voltage.
c. Total current is the of the currents from each path
in a parallel circuit. -

d. When additional units are added in parallel in a circuit, will
the total resistance increase, decrease, or remain-the same? :

e., When units are added in parallel in a circuit, will the %éEal

current increase, decrease, or remain the same?




11. Solve the following problems using Ohm's law,

a. Problem No. l. -

24 v | 30 A 60 A 30 n

Ly Ly L3
Fill in thé blanks below.
LA 1. LAMP 2 LAHP 3 TOTAL
E
I
R

b. Problem No._z.

2V
24 6A 63 0 200
L

Fill in the blanks below,

LAMP 1 LAMP 2 ‘LAIP 3 LAMP 4 TOTAL

»

21

e



c} Problem No. 3.

o, _ O\
e "\F :><0 \AJ

.4A
24V

Fill in the blanks be%
LAMP 1 LAMP 2

TOTAL

L

1 €

22



/62

WB 3ABR54530~Il-1-P5
‘ April 1975

CIRCUIT ANALYSIS

OBJECTIVES

This project will help you in learning to:

- Use electrical meters.

- Analyze electrical circuit#o determine the location of opens,
shorts, and low power.

- Determine defective electrical units.

l.
circuit.

2.

3.

USING A

4.

PART I
When a wire is broken in a circuit, it i known as an
What is the indication of an open circuit?
Meters that can be used to locate open circuits are
a.
b.
c.
VOCLTMETER TQ LOCATE OPENS
Study the di;;rams below and list the location of the opens.

NCTE: Wires are identified by code, A-1, A-2, etc.

-8 A% A.8

iy

oY ov ov ov

Location

23

1&gy |



\ =t . f
R \ : .
/7
\l
. ™
b-
“ ‘ !
AT ASB @_
—e— ‘
- A3 T A4 v .
AS A6 .
£
v )
28y 28V ov Qv ov ov ov
1 : EC~1&18
5 . 7
&
. ~ \ )
- Location ‘ ‘
AQ‘
“N
!
¥
4 &————b U S +—
Location
10 -

24




Study the diagrams below and write the correct voltmeter readings by
each wvoltmeter on the cxrcuzts to\$g§1cate the location of the’ opens.
(Use 28 wvolts.) : .

a. Location of open is switch,

- -~ . #

— — —— e —— | m—— ere—

b. Locaticon of open is A-7 wire.

25




*
c. Location of open is fuse.

f. Location of open is Lj.

+_‘—«\J——€$7\ | -
229¢ 00

1 28 o

Full Tt Provided by ERIC.

ERIC
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USING THE OHMMETER TO LOCATE TPENS

1. Study the diagrams bejow and list the locaticn of the opens,

a.
At (\-“ A2 A§ A? Al
+ o—e ~—9
= “a Yo 0
:a k] ..Hz!’- /:13 Q
iz 3£ \7 n
feF=1 <
X « Qs
22 ==
~ o= —o—»&
} Location .

/« L]
}
*— A
- £C=-183C
Location .
c. ’ '
i Aet‘\_, A-2 ﬁhs A4  A-S
Qn )
N 2001 20 0N 210N
_.»_
\ Location .




PART II
1. When a positive wire is grounded and causes current to be re-

turned in shortcuts to the source of power, it is known as a
short, . :

2. A positive-to-positive short is called a short when

two independent circuits will operate from switch.

3. A circuit that causes a fuse to blow or a circuit breaker to trip

has 3 trouble called a shore.

4. Metocrs that can be used to locate shorts are

a.
b‘ - _ ~
i}

5. Always a circuit before checking the

circuit with an ohmmeter.

6. Study the diagram below. From the meter indication, tThe trouble
q

is .
4 o :“\JG [; ] .{ § }.
. °on |
y pa— *— €C-1ea .
7. Study the diagram below. From the meter indications the trouble
is a short and its lccation 1is .

Al .,—\":/ A2 A3 Al
+ p——
x
fl
N

ABMNORMAL READING

"
Frma,
.:I

ok,

28
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8. Study the diagram below. With your pencil, draw in a probable
location of the short.

-
-

« !
At * A2 A3 A4 .m: AS
+ —1f\\JF; i><\s -— \jL,-
4., ‘ L 1 u
~ ! -
A- A T - ‘- A.
3 P B LB
-~ -
LZ ¢ ' -

(3]

AN

£C-1880

9, Study the diagram below.

With your pencil, draw in a probable
location of the short. :

\lf’
A-3 - .
A=t A~2‘ ‘ll\ -
+ ——46 \.p——————_—-: : )
\\‘f . «
A4 ~- -
‘ |
) -S ;\
f'\f
_ 1S
: <
——k
PART III
~
NOTE: The diagram following will aid you in determining possible
ljocations of the trouble before you begin troubleshooting with the
correct meter. For instance, if the trouble occurs in circuit "C,"
study the diagram of circuit "C" before using the meter to
troubleshoot the circuit.
»
/
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1

- -2 A-3 A-a A-S
T . : A-6G

B-t 8-2 8-3 -4 -
—a\ p— o - 2 ~—4£;;;>—B -
b. -
F
At A-.IJZ/r A3 | A-4 ' AS o Ly
c. g ’
o © "3
J ' < <
A-9
La
Q
~
; <
d. —s
8-2 8-4 L
» 81 82~ 8 2v ' : '
: | B
= . .
-— .
AN - <
' ®
8-6 8.7 - @
o - ALE
e. «© - 187
> "
o
i
[*Y)
-

A diagram of the Trainer

ot

30
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arg

A\

LM ERLAND AP

NOTE: Cn the trainer assigned to you, be sure all the trouble switches
to your left are OFF, Operate all circuits. No troubles
" should exist. Now you are ready to troubleshoot. Bagin by
turning trouble switch No. 1 ON. Operate all circuits -and
. determine the defective circuit. Fill in the blanks below.
" TROUBLE DEFECTIVE CIRCUIT TYPE OF .
SWITCH OR CIRCUITS TROUBLE LOCATION
(List letter of circuit, A-E)
1
2
-
= 3 >
3
S ‘ -
6 ”
i
!
-
8 K
3 \
A
10
J Checked by ' '
({Ins&ructor)

FEX va-118e
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PURPOSE OF STUDENT STUDY -GUIDES AND STUDENT WORKBOOKS

Student Stud» Guides and Student Workbooks are trainimg publications authorised by
Afr Traling Command (ATC) for student use in ATC courses.

The STUDENT STUDY GUIDE (SSG) presents the isformation you need to comyiete the
unit of instruction, or makes assignments for you to read in other publications which
cantaic the required informatioa.

The STUDENT WORKBCOK (SWB) contains work procedures deaigned to help you
achieve the learning objectives of the unit of instruction. Knowladge acquired from
using the student study guide will heip you periorm the missioms or exsrctses, solve
the problems, or answer questions presentsad in the workbook

T™he STUDENT STUDY GUIDE AND WORKBOOK SSG/W3B) contains both 359G and SWB
material unde- one cover. The two trainlg publications may be combined when the
SWE is not designed for you to write in, or when mmmm ar« i+ od for you

to keep. .

S88Gs and SWBe arv designed for ATC course use only. They Are upc &ed i i LCeSsary
for training purposes, bat are NOT to be used cn the job as suthorilative referesces
in preference to Tochnical Orders or otber official publications.

h
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VALIDATION DATA

This programmed text on Basic Electricity,
Ohm's Law, and DC Power has been validated
on 7% students. Target population consisted
of 3% A3C students awaiting formal training
and 40 students enrolled in ABR 54330, Elec-

trical Power Production.

v The criterion test has a total of 32 responses,
with 30 cut of 32 being the stindard of per-

formance. Any 30 ccrre\);t responses is 100%.

Tre following results indicate time taken to
complete the program and scores obtalned on

t.. criterion test.

Range Average E
Time 25 - 90
Minutes 58 Minuces
0% -
i Scores lm 06.2%

P
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-~ Tbjectives -

After completing this unit of instruction, you wi'l be
able (o accomplish the foilowing:

¢ e® 06 @00 00 2CEOSG&EGEEOGGO

Cefinition of a basic elec . rical circuit

Three basic parts of a circutt

Two devices used for circuit protection

Device used to control the circuit

Twelve electrical symbols

Detfinition of a voltmeter

Method of connecting a voltmeter in a circuit
Definition of an ammeter

Method of connecting an ammeter in a circuit
Definilion of Ohm's Law

Formula for determining current value in a clrcuit
Formula for determining voltage values in & circull
Formula for determining resistance vxlue in 3 circuit
Definition of power |

Unit of measure for true electrical power

Formula for determining true power in a DC circuit

Use applied voltage and total current flow to com ~
pute the amount of power congumed in a8 DC circuit

Four electrical safety precautions when working on
ele trical circutts

i1
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1. As a Power Production Specialist, you will Mave occasion to work on slectrical
circuits. Understanding electrical circuiiry is eaxay {f you undersiani and utilize
principies that always appiy.

For sxample:

Figure 1. Clrcuit Dlsgram Wire {s the
Conductar

Principleas

1. Definition of an Eiectricxi Circuit: An electrical circuit ia
delined as a closed putls of currenf flow.

3. A Baaic Electrical! Cilrcuit: The three basic paiNs of an operz-
tiooal circull consist of s power source, conductor, and & unit of resistioce
witich form s closed (complete) path Tor current flow. (See Fig. 1.)

3. Protective Dervices: Protesctive devices protect circuits lu case of
overoads or malhunctions. Protactive devicess consist of fuses and circuil
breakers.

R, Switches: A switch :s a device used to cootrol the circuit by making r
changing coansctions.

Carefully study Figure i and the four
principles, then turn the page and
answer the tollowing questions.




277

. Electrical circ iis are reprasanted by wiring diigrams where symbols are used
+ to identity specific elsctrical units, just 3s symbois are used to idaatify objects
\\ on & road map,

2.1 KRefer (o the circuit diagram and principies oo the previous page and
write the mame beside each of the following symbols, and label those
that are protective devices with a P

Svmbois Name Protective Devices
i —
a‘ ' — A —
b, —AVWA—
d —d | S ————
® w/\ R
J )
1 rOSITIVE 'CONOQUCTOR
T

iy POWER sourci udz/'

- -

N

Figure 2 Fisnre 3
1.3 Place an "X beside sich of the {oliowing Trus statements:
a. Figure 2 above i8 an elactrical circuit,
b, Figure 3 ibove is a basic electrical circuit,

c. Figure 1 is not an electrical circuit bacause it is onen
and therefore not a complete path for current {low.

d. Figure 3 has the 3 basic parts of an electrical circuit.

Answers: 3.1 a. batter 3.3 X b.
b. resistor X e.
c. fuse p X d
... circuit treaker P A
€, switch

3l
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3.3

Figure 4
Refor to Figure 4 above and place an "X beside each True statement listed
below:

a. If the switch is In the closed position there would
bé & compiets path for current fiow.

b. There are four protective devices in the circuit.

c. There is & power source, conductora and two resistors
in the circuit.

d. There s only one coatrol device in the circuil,

i.e Write the missing ilems in the following statemerts: (Refer to Figure 4

i{ necessary)
2. An slsctric circuit is defined as having a path for
curreat flow.
b. The three basic parts of & circuit are the source,
, and units of
c. Two devices used for circuit protection are and

d. The daevice used to coatrol ithe circuit is the

2.8 The three basic or essential parts of an electrical circuit are

a. fuses, coaduciors, and switches.
o b, power source, resistance. and conduciors,
e, bettery, insulators, and resistance.
d. fuses. mower source, and conductors,
Answers: 2.3 X a . 4 a. complete
X b. b. power, conductors, resistance
Y <. c. fuses, circuit breakers
3.3 X b, X d. d. switch /

Ra
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3. Muct of your time will be spent troubleshooting eguipment you are required to
miintain., In order to undsrstand how a system or a component operates, you
mast be able to identify the following electrical devices and iheir symbols:

Device Miustration _Symbol
i. Battery @ 'T'{ ! i i ! P
EBaitery Ceali @ _—{ §-

2

s o <

8. Fuse D N\ i

5

Circuit Breakasr

8. Fixed Resistor — -4 —YWW—

2. Rheostat

10, D. C. Generator @ { sEn

i1, Yolime ter

12, Ammeter




%4

. § Refer to the previous page (only if you need to) and label each of the

-
=) OO

Turn the page - d check yuur answers




Answer: 3.1

Generamr

— )

Lamn

—MW—

Fixed Resistor

S GO

Fuse

©

Ammeter

Fixed Resistor

—fii] -

) &/

®

Voitmeter .

Rhenatat

Fuse




Maich sach sleciricsl device with its symbol by placing the number of the
device in the apr " ypriats blank,

Devicis

1. D.C. Genarator

2. Aomster

4. Battery Call

5. Voltmeisr
6. Switch
7. Rbeostat

8. Circuit Breaker
. Fuse

1V, lamp

i1l. Fixed Resistor

13. DBattery -

—————

h\_‘
RN
<

Symbol

7



ANEWErs:

3.2
Devices
1. D. C. Generator
!
2. Ammetier
3. Ground
4. Battery Ceil
5. Voltmeter
8. Switch
1. Rheostat
8. Circuit Breaker
4. Fuse
10, Lamp
11, Fixed resistor
12. Battery

183

13 M‘E*

L
T
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MEASURLMENT OF VOLTAGE

Measurement of Voltage (EMF): The instrument for measuring voltage is the
YOLTMETER. Figure 8 illustrates the correct way of using the voitmeter to read
the voliage drop of the load resistor. Note that the voltmeter is connected direct-

Iy acrosa the load - in parallel.

Figure 6. Volfmeter Connection

.1 A voltmetier is 3 device used (o measure the difference in
force between two fuoinw o a circuit,

4.3 To coanect & volimeter in a circuit, you would always connect it in
{circia one) with the load.

series - parillel

Remember, a voltmetsr is connected in paralie! directly
ACROZSS the load to measure its voltage drop, When con-
necting & voltmeter across a battery, connect positive to
positive, and negative to negative. (This is referred to as
proper polarity). Tv measure voltage output of a power
source % dmm is coanected across the output terminals

of the power source. _J

The voltmeter iun Figure 7 is connected

$. 3
in (select one)
A. parallel with the load,
b. geries with the load.
Answers 4.2 @E‘-ﬁ £.3 X a.

—
—




MEASUREMENT OF CURRENT

5.  Current ie measured with an AMMETER. Figure § illustrates the proper
way of connectirg the ammeter. The instrument is put in SERIES with the
ioad (resistance) so that the total current {lows through it. Notice that the
positive terminal of the ammeter is connected to the positive terminal of
the battery. If the connections were reversed, the meter would defiect in
the wrong direction and the impact of the needle against the stop marker
might bend it ¢ »nsiderably.

e

SATTERY ‘
Amineter Connection (Series)
Figure 8.
5.1 The ammeler {8 used in & circuit (o megsure
a. voltage.

b, resistance.

. ¢. current.
d. Power.
Answer: 51 X ¢

10
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8. Part B of Figure § shows the WRONG way of using the ammeter. Notice that,
wilth this circuil, tre =wmameter is directly across the battery terminals. The
meter i3 not designed to withstand even moderately high voltages. Consequently,
connecting an ammeter across the line will usually burn out the meter movement.

{rF—
- FS } \
. ¢ i— i
p L= , L
v 0 T- / 0
T. v i /:\ N
o S
1 - Correct Lse 8 - Incorrect Lse
Figure 9
8.1 i #hich svhemulic dugram in Figure 10 below is the ammeter properly
ccnnected - (1), (3), or (3) ?
(N (2)
Figure 10
Answer g.1 i
11
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-
6.2 To measure the current flow in a circuit, you would connect the
ammeter in
a. Purallelwitht ad l-)y.conmmx the nagative
? ~ side of circuit and positive lead to positive aide.
"b.  Series with the load by connecting the negative
lead to poaitive side of the c!reuit and positive ‘
1&4 to negative side. ‘ T
c. Parallel with the load by connecting negative
lead to positive sl&e of circuit and positive | ;
" lead to negative side, | «
d. Serienwtt?the load by connecting the negative
| lead to negative side of circuit and positive lead
to positive side,
\
.
2
Answer: 6. ZX X d. N : | 'Y
Al
' 173
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6.3 : / '
. ‘Label th voltmeter and ammmr that are proporxy Knnncctnd in m
follovin; circuits and -
 to Wentity the device used: / - ,
I M @_ ~\
- A‘ '
. , , ) l . . & . £
. . .- * 3 \ «
- o . | '
3 . _A—( ‘
B. C‘E\J ’ \ '
. i : )
- ) ﬁ}
11'. - ¢
W ’(
N
N oae
i
. N ;’
Amve;: 6.3a ‘ ‘ 6.3b
. . . . L i




7, Thereisa definite relationship between Cufrent (I), Voltage (E), and Resistance
(}})_Ey{ circuit. This relationship is known as Ohm's Law.

. A3

. Ohm's Law states that current varies

" directly with the voltage and inversely

with the resistance. - v T

From this law yQu can see that there are two separate Felauonstnps that aﬁeCt

. current: | ‘
. o - &. . The relationship of current and voltage (current variea dtrectly
. . ‘ with the voltage). )
Gl
, b. The relationship of current and resista.nce (current va.ries imverselg
; with the resistance). N }
.' ‘ ’ & | . ’ ' B
. ‘ First let's discuss the first relationship - that of ent and voltage. We said .
that current yaries directly with the volgage. Simply stated this means that s
" current increases as mltage is mcreued The reverse is 2180 true. ,
: Q’; . / f‘“ i . 3\ { .
7.1  Place an X by the true Statements. : ‘
A R [ N

»
-

- ' a. When voltage increases, current decreases.

T

b, Current varies mveriely with the woltage.

c. Current varies di. ectly with the voltage. i

‘ ’ ' 1.
.; . . “
When woltage decreases current decreases.

~
[s N
»

1)

Answer: 7.1




S LT D7
The second rch,doumpthtanm currcntuﬂutot currcntmdruuumc. We’
said that current varies inversely with the resistance. This means that current
\ dec:munm Eﬁr.r—oiud_ Inversely in this senfe means that, as .

¥ one value (resistance) tm:m.usk the other value {current) decreases. ' The re-
‘verse is also true.

- ~

> 7.2 Place au X by the true statements, - . ‘ ’
a.t Current varies_inversely with resistance.
. N,

b. Current increases as relu7ce is increased.

AN
v
c. Current increases as resistance is decreased. {
) ) | | o ‘ 2
: d. Curreut varies directly with the resisiance.

7.3. Complete Ohm's Law by inserting the missing words in the spaces
e provided. |
O ' K
Ohm's law states that current ' u ‘
- ‘ . k‘ >
with the voltage and ) with the
3 . v resistance. , B
// )
/’/ -
4 “T ~ 3 T . ' : ‘
Answers ;2',32 : i . : 7.3 _.%riea directly
. - G ’ ) . ' . .
S w A ¥ inversely
. ¢ 3
\ . e ’
¥ et - h) !
15 ' -
! b
‘1 ’ ‘-r'(: “ % d l Q.I" ' f\[
f .5 -
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= - 8. Ohm's Law is expressed in formulas. These formulas are used to solve for
. values of current, voltage, and resistance in circuits. Before ybu can use these for-
mulas you must learn the symbols {or cur~ent, voltage, and résistance."

The electrical symbol for current is the letter I. | ”

-
A

~ The electrical symbol for voitage or eleetromdﬁée fo;-ce is E.

4

The electrical symbol for resistance is &,

8.1 a E is the electrical vsymbol for . ‘
i or , .
Q * .
b. I is the electrical symbol for .
“ . R 18 the electrical sympol for o
> & - -
& .
e
. #
3
+ . N N
| A
! -
Answers: 8.1 3. eleciromotive force * or voltage
b. current -
2. resistance _
, . ('). -
. . s . Q. . .
. ] tooe ) -,

16
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9. / ~The Ohm's Law trisngle will help you understand the relationship of current,
e R A°)

for solving problams 6f electrical

) : o~

E

The letters of this triangle dre arranged inio the followirv, formulas to show the

-+ relatibnship of current, voliage, and 'resistance. . ]

A
’{

a., - The fomiula"tormmﬁudng voltage it E = IxR.

» And resistance. !twlﬂaho’ﬂdputnda«rmidmthoeornct!ofmm

S
~ b~ The formula for co'mputiw resistance is R = E'/I'
j C ok | \
, ' : o
9.1 Now you use the Ohm's Law triangle to Setermine the formula for
current. Write your answer in the space provided.
) C
I = ,
o
- - |
"
- ‘ : ‘) \h ‘
. . ‘ .
N A, L
Answer: 9.1 I = E/R )
: ] .
17 f |

19¢
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9. z ~ ‘ . k .
-
S mmneeqmﬂouquennbleyoutonndanyanpatthemreeMﬁ'.
(current, voitage, or resistance) if you know the other two. An easy way ~
N o to remember the three relationships-is to use the Ohm'l Law triangle as ¢
lhavn in Figure 11 below.
. ‘ 2
: yoow
. SX A
\ ¢ '
T MAVLACTIIIIS  MILA PTG B L e
E sv R ag inpicaves _ a8 ianicaTes _ ‘N"mm f .
I< X " R=E :» B pIXR "
X r ' r
By placing your finger over the u:;kmwn fact'or,_ the :ehﬂvp positions
of theothermkm'nfactou will tell you what to do.
‘ ' None is above the other, divide, U they are heuide ea:h other, such
. as [and R, then multiply. . .
i Figure 11 exphki this in detail. | T .
] ¢ i
g 8 “ l\ . ’ - N .
- ‘ } - ‘f;‘l w} ‘ .
) ! / ¥ - ’t{/‘.
¢ e
Anlt;er: 8.2 -
- ¢ a‘ E > L E N “« ‘.,:-""—
IR \ IR\, -
. t‘ ,t"
- ,r" -
\. , 199 g
. € . o
13 e,




‘ - e N, ,".‘
bu ah // qy
9.8 Inthe 'luwtrhulebckn f1ll in thllynhnhhrurnu. - .
voltage, :nd mhtancc. » . ' T
] \
4 " ‘
IS
5 R N '
{ : N .
9.4 Ultng the letters you mlerted in th! triaﬂ;glc - complete the lermuhtm' S
p computtng voltage. i : o :
= A , ! - : ' : . ‘-
“E x ‘ . . \ \g) O
— RN - p) o -
8.5  Again, using the letters in the friangle, complete the formuls for com- ‘ o
PN © - puting current. . o
- . . ‘ Q\.
. 1. = l
8.8 Complete the formula for resistance. ; !
L O
s R = (> .Y
v .
i
)
[
\ | !
o ‘ ,.;
~ >~
\ A
‘. \ - - ,': /]
fAnswers: 9.3 £\ 94 E=Ix R 95 I=xE S
/ cd , ‘ ‘ 'R .
_ TR 9.6 R =E; ) |
- -
U' ~
f ' ’ ' .
19
»g‘ o ; N + B
N ){) - *\ - »
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10,1 °  Place exch symbol in the Ohm’s Law triangle next to the term it repre-
aents; ' - .

Volgage . s

10,2 The formula for computing current ir a circuit is | .
f ¢ : a. I = ExR |
h - b I = E/g
| | & R = E/y
4 1 =R
. .

10.3 The formula for computing voltage in a cirtuit is
[ “a. E = Vg .

i:. R = E/I

—— c.‘ sE\': .R,& ‘
‘4. E = IxR

hre—

10.4 .The formula for somputing resistance in a circuit is

! ) . a. l I = E/R
bo R = I/E
a « C. - R \‘r = E/I /
Co- : ' d- R = .’é X I ‘. -
N z
Answers: 10,1 R ! Resistance 10. 2 X b
E Voltage 10.3 X d.” \
T Current 10. 4 X c.
H
| 201
20 _ , .
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. ™~

. 11.1 fC’émpht'c the following statements. f" / q(a
a. _ " The formula for eompdun‘ current in a circuit
Y
is .
r .
\ 0]
b. The formula for computing voltage in a circuit
: !
< i
is . .
‘ Z .
N c. The formula for computing resistance in a eircuit
» _ - -
is . .
V4
3 Al J\ ‘ -
\
1 SN
/}
i qf -
3
i .
z
) Y. .
. ‘ ;
b T
H
Answers: 11.1  -a. I = E/R , .
b E = [ xR ’
[ .. b
rf
21
T Dry.
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12. Power is simply defined as the rafe of doing wnrk. The unit of measure for
true electrical power is the watt or kilowatt.” A kilowatt equais 1000 watts.
A 100-watt electric light bulb requires abdut 1 ampere of current. A 10 horse-
power motor requires ahout 75 amperes or, roughly. 7500 watts. ' .

. \ - ' . ) | o
12.1 Powqir is de!med as the ~

L - e e rateofenetgyused +

v ——

-

y b,  rate of time ‘requlref! to use energy.

c. rate of doing work.
d. - rate of work required for a horsepower.

. ‘ . . | PO

12,2 The watt i¥ a unit of measure for
) a. apparent power.
, b.  voltage. ‘ '

"~ ¢.  total amperes,

- d. true power,
\
Answer: 12.1“ X c. .
12.2 < X d.

213
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' 18, Itis important to know the vaiues of voltage, cirrent, and'resistance in a cir-», °
cuit, although we are really more concerned with eledtrical power (watts), To> .
£ determine. the watts of electrical power being consumed in a circuit, the power
formula P = E x I may bé used, ' , e
. . N
P = Watlts }
‘ - E. = Voltage (ﬁaeu_ured in volts) - )
) I = Current (measured in‘Amperes)
A:circuit with an applied voltage of 120 volts and a cugreaf flow of 5 amperes, |
. will consume 120 x 5 or 600 watts.
N\ ‘ .
) , ‘ | .
{ .
N -~
‘ ' p %
= 13.1 A formula for computing DC powéxl is *
IC < . ‘ -
) a P = I xR ’
b. P = E
B:3
c. P = ExVY (
"d. P = E
- ' -r é )
¢
3 -fr
Answer: 13.1 X c.
s a3
“ . 201
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.
.

\ vy toe

' : S v
. 13.2 Compute and epnter the vaiue of power of the foilowing schematic

* diagrams in the spaces.provided,
‘ \ Iy ) .. - ' A} - \
~ : .Y
- ‘: N
: .
P = watts
)
v v
p ﬁ!
T
. Y
\ - 1 - "v", ¥
- P= watts .. °
"'z v‘
9. . ' . é" -
13.3  The formula for compyting DC power is
~ ‘ ‘ T
. # )
. £, o
. O.\“
- ’ '
\> )
- . ..\ “ -

€ - :

;;.z\ Answer: 13.2

P
4"
[}
[
&
s
2
[y
»
L2
e
H
=
"
[

P -2

)

"

I

A

o
)]
.
.i

-

-




‘ 2 *

ﬁ ‘ ' \ * t. . . ‘ » go 0
1. Most electrical injuries are caused Dy carelessness or overconfidence in hand-

ling equipment. Most personnel are likely to think in terms of high voltage, but

death lies in the low voltages too. | ‘ E .

i
.«.)

Electric nﬁ:k may cause instant

s death or unconsciousness, cessation of breath-
. ing, 2nd burns of all degrees. AN :

SAFETY PRECAUTIONS WHEN WCRKING ON
ELECTRICAL CIRCUITS ARE:

/
@ Use gnauhtirg matting )
. o , ) Qo éemove hand jewelrg;
@ Wear dry clothing ‘ \
@ Avoid touching expused’t'ermina.h

Safety is a2 part of everyone's job. It is the responsibility of every person to
exercise precautions to insure that personnsl will not be injured or killed.

oo

2$
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L]

] o
14.1 Place an X by the four electrica.l safety pracautionl to be oblerved
when mrkux on electrical circuits.
a. Wear steel-capped satety shoes ‘wheh mrkng on * o
"7 electrical equipment. | ‘ . . )
A &4 .
b.  Stand on insulated matting. . e L '
’ - ~- «/ “ - : | l[
" c. Use cioth matting. L, :
d. ﬁemcve rings, watches, etc. | y ’
., e. Wear rubberized suit at all times while working ;
‘ on electricgl circuits. |
. . //-/1
‘ f.  Wear dry clothing. . ) N
' g. Use both hands while touching exposed
 terminals, | SRR
h. Avold touching exposed terminals. ' " ‘
Answer: 14.1 X b
X d.
X f. N )
X h. ~ Ty
I ) -
6 P
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T | : cnxr:ntos EXAMINATION
- (Phccacuck(/)h:thmgoctmrmmmm
\:\ _ ‘ qunﬁou) - : x
,‘\ “. -F' . ’ 3 ‘ . ‘, ' . |
g, An,'elccu'imlctrcuithddlnadnhnvmga : S,

a.. po:ghda.l voltags and resistance.

N ’ R ¢
5 " b. complete path for current flow, -'
‘_ - N ."\ ‘ T ) i e ]
J . ) R o
¢. . complete path for redistance. o ;
. d.” v setof fuses and switches.
- ) .- . Q_
2. The three essential pﬁru of an electrical circuit are
' ’ il | : v
T a. conductors, fuses,and switches, .
B — - b
b. fuses, power source, and conductors.
-, c. . power source, resistance, and conductors, -
-~ —— F . . - . -
> d.  Insulators, power séurcé,a.nd resistande.
o ‘ . ‘ . ) . . ;
' . o &
3. Twodevices used for protection of an elecwical circuit are R
~ a. Ysulators and switches.
\ S .
b.  circuit breakers and switches.
—_— « - . ;
« " ¢, .fuses and circuit breakers.
Y

d. switches and fuses.

A

)

i
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. N | 'Z . v, .- .
4 m elactrical device with its symbol by placing the humber of the’
' -{n the appropriate blank. ( .
- . . ; | ' -
Devices ‘ - Symbol ¢
. . E , ' ) ‘ tf“ ‘ t L-_ ’
1.  D.C. Generator - ']
" ‘2.  Ammeter ‘
A o . \
3. Ground '
. 4, Battery Cell
S. " Voltmeter
. K’
6. Switch o
7. Rheostat
8. Circuit Breaker
8. Fuse
10. Lamp
11, Fixed Resistor
14. Battery
N,
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- . 3.' 1\}. - ‘y ,} * - ao,q

mmwmd&cmxmmmmmemua

~
: a. fuse, ‘
.. . '_ ‘ . ' b}
. b. fixedresistor. | : : i
. ¢ switch L \ ’ : | N
. . 4 ~
) d. voltmeter. 4
ac > !

Th deﬂce und to meum-e tna diﬂer‘ence in electromanve force between

potntt in a circuit is the ‘ ' ¢ <
#  a.  vcltmeter. .
— _ < . ~
‘ b.  ammeter. . B
‘ f L NS ’
& €. . ohmmeter, \f
- J - . £ ‘
d wattmeter. # . .

B
L

The method used to connect a voltmeter in a circuit is by; connecting it in

a.  parallel with the ir?ad.

.. b, series with the load.
‘ c. _frontof the logd. ‘
__d. backaf the load.

i - . XN
€

{

N
To measure the currgat flow in a circuit, you would use a/an

a. voltmeter.

b. ammeter. . ‘ {
C. ohmmeter.
\ ]
d. wattmete’xf. ' .
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H

*

/
ot .
.- .
. ~

To measure the current flow in a circuit you would connclct; the ammeter in

Ohm'l Law states that current v-aries !

\-

The formula for computing current value in'a circuit is

»

a.
b.

c.

serics wtth the load by connccung the nqattve lead to
negative side of circuit and positive lead to pouiuve side.

. series with the load by connecting the negative jea.d to &

positive side ot the ¢circuit and positive lead to negaﬂve
side. -

parallel with the load by ctmnecting the ve lead to
aegative side of circuft and positive lea:l to positive side.

parallel with th¥ load by connecting negative lead to positive
side of cifcuit and positive lead to p‘eganve side.

< v \

[

X
PAEEAS

directly with the vultagé and anersely with the resistance,
Inversely with the voltnga am; directly with the resistance.
difectly with the resistance and inver’aély with the pov?e.i'

‘tnvepsely with the reststance a.nd directly with tire power.

o~ LU

Q‘

/

I =E "
B ‘ : . e 4

E =IxR
I = ExR

R=E -
I

30 . v

e



. 12. The formula for computing voltage values in a circuit is
* 1=% & 1
— R
b E =I'x R .
e¢. R s kK
r .
SRR d. P = IxE

-
)

. 13, The formula for computing resistange in a circuit is

. -
e TN |
| ,  ___ b E =IxR RS
Y e. R=E ,
— r
) 4 R=ExI. .
14. Power is defined as the |
- & rate of doing work. )
. b axhountdmuéym \
. B time raq_s;tredtommy;
_ . d  work requﬁed for. 2 horsepower.
15, The watt is a unit of measure for R
___a.  apparent powers 5 |
_ b. resistance. ‘ : -

/

o c.  true power, '
R d.  kilowhtt ampberes. ' :
; -
¢
\ .
AN »
: . - ' 31 AL
2 2 1 ?
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16. The formula for computing DC power is - ‘ o
a. P=IxR L - ) )
) b P = E = , o
{' )
____ e. P=IxE.
‘ d P =E ‘ | o
\ ' ' \ ’ Con ' T L A 3 £ Lo
17. The amount of power consumed in this DC circuit is' | \A
. ' : T
a. 88 wa T ; “ 4
T m‘; ' _E(‘\_’-(&——@-‘-W—k <
. b 188 vatts! : i & |
. ——— A4SV [’
. €. 238 watts. ' -[-
b d. 388 watts.
18. Check ( ¥ ) the four eloc,t;ria.l q.!ety precautions that should be obse:ved when
working on electrical circuits, . \ ‘
Y o, ! .
WA:I\ Use insulating matting - .
AN
, b. Use any type of matting
¢. Remove hand jeweiry : ‘ : o
d. Wear dry clothing
e. Have potential voltage at all times . |
f.  Have meters available ’
‘ _ » N .
g. Never compute voltage of a line circuit ‘ | c o
: h.  Avoid touching exposed terminals ' e _‘
C h
213
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PURPOSE OF STUDY GUIDES AND WORKBOOKS

Study Gu:des and Warkhooks are tmtnmg publications authorized by Air Training

Command (ATC) for student use in ATC courses.
x <
f .
The STUDY GUIDE (SG) presents the information you need to complete the unit
of instruction, or-makes assignments-for you to read in other publicatxons which
contain the required infomﬂtton ‘ .

The WORKBOOK (WB) contains work procedures designed to help you achieve
the learning objectives of the unit of instruction. Knowledge acquired fromd
.using the student study guide will help you perform the missions.or exercises,
solve the problems, or answerfuestions presented in the workbook.

THE STUDY GUIDE AND WORKBOOK (SG/W B)coatams both SG and WB material
. under one cover. The two training publications may be combined when the WB
. is not designed for you to write in, or when both SG and WB are issued for you
. to keep.

Training publications are designed for ATC use only. They are updated as nec-
egssary for training purposes, but are NOT to be used on the job as authoritative
rderences in prefermce to Technical Orders or other official publications.

209



VALIDATION DATA }

-

NG

This programmed text on DC Serices Circuits has

‘been validated 'on 33 airmen enrolled in ABR 5¢330,

Eléctrical Power Production Course. .
. < i .

The Criterion Examination has a1 total of 15 responses,
With*14 out of the 15 being the standard of performance.
Fourteen correct responses is 100'%. ‘.

The following results indicate time taken to complete ’
the program and scores obtained on the Criterion : -~
Examination. .

f

S | RANGE _ | AVERAGE
TIME ' 25 - 90 54

_____ Minutes | _Minutes
SCORE 80 - 100% 94" |

Ninety{four percent of the students scored 90% or better,



T T o al
" - Learning Objectives -

After completmg this unit ol mbtructmn you will be able to accom-
plish the following:

‘ o Recognlzé from a list of st:itemen_ts the one that
defines a series circuit as having only one path for |
current [low, . : | ~
‘ ; .
@ I from a list of statements the cﬁ'nracteristics

of .. —cries circuit as being:

@ Current flow will be the same.thmughr):g_t
the circuil. .

@ Apphed voltage is equal to the sum of the
voltage drops across all resistors.

P - @ Total resistance is equal to the sum of the
individual resistors.

¢ @ Solve for unknown values of voltage, current, resistance, | ;
' and power using electrical formulas and circuit charac- ‘

teristics when given series circuit schematics and

. sufficient known values. - ,

A 4
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SERIES CITRCUT IS —
INTRODUCTION

Ir any type of work tha.t utilizes the effects of electmn flow, a2 .
: kﬂowiedge of series circuits is desirabie. None of the effects
.accompa.nying electren flow . . +» . heating, ughting, or magnetxc
"effects . . . would be possible withcut the use of electrical

-

circuits,

-
4

Many electrical devices can be utilized more effectively if the '
operator has a knou;ledge'of the circuits used .tn supply the current
for the operation of the device. The pur}:ose of this package is to
give, in simplified form, conventional méthods of solving problems
involving current, . voltage, and resistance by the use of basic |

formulas and the characterisgics o! the series circuit._

e
} —~a
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In the d.rawin.gs be!cw, you Wwill see how a series circuit compa.rea toa

hydrzuiic system. Lo
‘ RESTRICTION | | REMSTOR (R)
s [ curment AN - 1
N\ nnt“g——- - CIRCUIT
e
\AAS—
RESISTOR(R:
\ - ) N
Lo/
fe 7
/ . -8

You will notice that in both drawings the fluid or current has only one path
to flow, .

L )

. Check (f) the true statement. .

( ) i. A circuit that has two or more resistors connected end-

to-end to form two separate paths for current flcw is a

series circuit, _ e
( ) 2 A circuit that has one or more resistors connectsd to

provide only one path for current flow is a series ccuit.

( ) 'S, A circuit with two or more resistors each providmg a seplrate
path for current flow is g series cxrcuit : ‘

h ]

-~ <

Answer: ’ {7; 2

219




" In any practical circuit certain components are necessary. In a series | :
circuit, the required components are a source of voltage, conductors, a
fuse or other protective device, a switch for circuit control, and one or

- more units of resistance. The components must be connected with only

_one path for current flow.

Place a check (V) by the circuits that are connected in series.

DAt
) l_ _ cLOSED

- 4V

o
1Y
i

+
N —"-
(1
orER
3 4
Answer: 1. \/
R AV
- (
& 3 ¢
_ r
™ 2 I : ' ~E
‘ ~a !} ' \;
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- - ’ ‘ . -
A series circuit is one in which y
‘there is only one path through . ,——-ﬂw-mfﬂ-“ 1——-
:r:::g;the voltage can force P — &v  SEMES cmcmr | >
- BRESE
i e L =—oNEmMTH A3 ———
. ' M
- \:{v J— < .
) - A circuit which has two or more
-/ paths through which current can
flow is called a parallel circuit.
A circuit that has two resistors ‘ ."
each with a path for current flow, w .
and one resistor through which all _ 7 - ] 1 C o
current must flow to return to the + v eENES PARALL 1
voltage source is a serie‘s-,para.llel ‘ cmcm‘f EL R2 R3
circuit. As its name implies, and $ :
the drawing illustrates, series- ' '
parallel circuits are combinations CURRENT FLOW -
of series and parallel circuits.
' An electrical circuit that has only one path for current flow is knownas a
a.' parallel circuit. ﬁ
b. parallel-series circuit.
' (Check the correct answer)
e.  series-parallel circuit. | . ‘ )

d. series circuit.

Answer: / d. - '

————— . N 3

'8V
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- Now that you know the dcﬂ_gmon of a ieﬂes ci.rcuft, let us ducun its char- ;1/ 6

. acteristics. _First, we will learn the characteristics of resistance. The
~ total resistance is the sum of the individual resistors in the circait. Thus,
.4 20-ohm resistor and two 50-ohm resistors connected in series would

have 3 tntal mutance (Rt) of 120 ohms, A

Study the dia.gram belcw. _ |
- ' Symbol for Ohms - ™

K. oA

4 . EN

20 & 80~ & B0~ 5 I20 <~

\ on

, Ry s 20" ‘

|

J

Place a check (\/ ) by the statement tha.t describes the charactertsﬁcs of
resistance in 3 series circuit,

1.  The total resistance is equal to the voxtage__mvided
by the sum of the individual resistors.

2. The total resistance is equal to the sum of the individual
resistors divided by current.

3. The total resxstance is the sum of the individual resmmrs.

Answer: y 3. T . . '

&,

: ‘)ﬁ..j
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The total resistance in a series circuit is equal to the sum of the individual
resistors. Written as.a formula, we have R¢ = Ry + R + R3. This formula
-merely means that to find total resistance of a series circuit, add up all the
separate resistances in the circuit. If you had a circuit where the resistance”
of Ry was 5 ohms, Rg was 10 ohms, and R3 was 15 ohms, the total resistance
would be 5 + 10 + 15 =. 30 ohms, ‘ : :

The total resistance-(oi' 3 circuit i3 determined as illustrated in the diagram -

below. ;
: ' ~
. Ri= 50-n
\ R'- SOA kA i
Rgm 25 - -
— : ‘ .
Rye 75 ' R e ’
J ¢ Rt= R+ R,+ Ry

Re=IS0 -~ I

-~

t

Place a check (\/ ) by the st;tgment that describes a characteristic of a
series circuit.

1. The total resistance is equal to the sum of the

individual resistors in the circuit.

2. The total resistance is equal to the sum of the
resistors divided by the number of resistors in
the circuit.

Answer: \/ 1.

L)
EERERN
s

N




Now, let'us m'mummmm«mmupmm S
point. If .you do not select the correct answers to the following questions, .
1 return to Page 2 and review the information. ¥ you selecfthe correct
. answers turn to Page 8 and continue through the paciage. ‘
1. A circuit that has resistors connected so that there is only one path
for currént flow is known as a , S

a. pa.rauel-se;-iea circuit.
b. parailel circuit. \
. , (Check the correct answér)
c. series-parallel circuit, "

d. series circuit.

2. This formula Ry = Ry + Ro expfesses the cha.racterisﬁé of a
a. simple circuit,

b.  parallel circuit, _ .
. (Check the correct answer)
c. series circuit. ‘ |

N
d. series-parallel circuit,

3. Determine the total resistance of this circuit, /
R -

isi0

Answers: 1, / d
c

2.¥ :.)
3.R = _ 40~

\ 2?3

e \

ERIC
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The next characteristic of a series circuit deals with current. In a sgries

circuit, there is only one path for current flow; when it leaves the wlfage

source it is forced through each resistor! Therefore, the same ambunt of
current flows in each part of the circuit.:

Place a check (\/ ) by the statement(s) that define(s) the characteristics of.

a series circuit. - ‘

1. The total resistance is equai to the sum of the
individual resistors in the circuit,

2. The current will divide equally between thg
resistors in the circuit.
! . \
3. ,The total resistance is equal to the sum of the
Jdndividual resistors multiplied by the number 7

i’ of resistors. / -

4. The same amount of current flows through each
resistor in the circuit,

t

———




-;.rn:]oriucircuitthcnmcmntofcurrcntﬂonmmhmrto&the alded O
- eireuit. This statement means that if-you have two amps of current at o " A

. . the first resistor, any ¢ther place in the same circuit will have two amps . . '

- ' of cuyrent. We measure the curient with ap ammeter. Reg'ardless of wher,e

- we place the a.mmeter in the circuit, it will¥ead two amps. - o =

Study the dlagram below, ' S
i . .

Risggn

iT=2A \.".'ﬂ-

The current through Ry, Ry, and R3 will be two amps; total current will
be two amps.

L

Place a check (\/ ) by the statement(s) tha.t describe(s) the cha.racteristics of
a series circuit,

CO

1. The current flow i8 equal to the sum of the amps

\ " at each resistor. . o

2. The current is equal tb the sum of the amps at each

resistor multiplied by the total resistance.
. 3. The total resistance is equal to the sum of the

individual resistors in the circuit.

4, The total resistance is equal to the current times the voltage.

S, The current flow is equal to the resistance times the voltage.
8. The current {low is the same throughout the circuit,

Answer:

I
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* Opposition to current flow through a resistor causes a voltage drbp across
the resistor. In other words, each resistor consumes a share of the avail-
able voltage. Each resisfor, then, uses less than the total voltage applied
to the circuit. However, the sum of the voltage drops will equal the applied

voltage. The formula for finding applied voltage, then, would be E{=E1 +
Es + E3 etc. . :

Study the diagram below,

Ris80

The amount.a.t'El, Eg, and
E3 is the voltage drop at that

£1s sOV

resistor. 4 -
Eq = 50V ) //:;‘T s{80V V“ﬂﬂ/ma Kp« 28
Eé = 25V APPLIED YOLTARE | . \
\ Er =75V N _ Js-n‘v
\ t = - WA
) b " im R' .n*
&\v‘“ ¥

Place a check ( \/ ) by the true statement. (
1. Each resistor will consume the same voltage,
regardless of the amount of resistance.

2, The same voltage flows through each unit of
resistance.

3. The sum of the voltage drops in a series circuit
is equal to the applied voltage.

Answer: \/ 3.

10

" SN




You can now see that another characteristic of & series circuit is that the 52‘2.2.

- . applied voltage is equal sum of the voltage drops across all resis-
tors. Or, stated another way, applied voltage will equal the sum of all
the sepgrate voltage drops. ,

»

. Place a check (/ ) by the. statement(s) that describe(s) the characteristics
. of a series circuit, ~ -

1. The current flow will divide among the resistors
.~ according to the amount of resistance.
A

2. Applied voltage is equal to the sum of the veltage
drops across all resistors, "

3. "Total resistance is equal to the sum of the individual
resistors in the cirguit. " ‘

4. Applied voltage is equal to the current divided by
: resistance at each resistor.

9. The’ tota.l resistance in the circuit will be less than
the sum of tge‘i.ndividual resistors. -

8. The current flow is the same throughout the circuit _

]

Answer:

DOUN

11
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Let's review the information on the definition and characteristics of 2
series circuit. Ifyou-do not select the correct answers to the following
question, return to;Page 8 and review the information. If you select .
the correct answer§, continue through the package.

l\k,

_Check (V) the statements that define or describe the characteristics of °
a series circuit. : - )

“

1. A circuit that has only one path for current flow.

] _
2. A circuit that has more than one path for current '
flow is a series circuit. B
3. . The total resistance is equal to the sum of the
. individual resistors ir the circuit,
\ » .
v 4. The current flow will divide among eaeh individual
resistor.
5. The total resistance will divide equally émang the
T resistors| -
6.  The current flow is the same throughout the circuit.
| 7. Applied voltage is equal to the sum of the voltage
drops across all resistors, .
8. The voltage drop at each resistor will be the same.
»
Answer: \/ 1. ¢ ;
3.
6.
‘7- -
12

229



Now that you know the definition and characteristics of a series circuit, let 9'23 /
us briefly review Ohm's Law before proceeding into circuit analysis. We :
find that current in a circuit is directly proportional to the applied voltage,

and inversely proportional to the resistance, Ohm's Law, then, can be stated

as a mathematical formula - I=E/R, R= E/I, and E = Ix R. Knowing any

two of the quantities in the formula (I, R, or E), the third quantity can be

caiculated. Example: Given E = 10V and R = 5™\, we can find I by using

I=E/R. 1=10V =2A. The Ohm's Law triangle will help you remember the

formula. © 5

-

voLTe The formula for finding the unknown quan-
tity or value will be given by covering

I iR . the unknown factor of the triangle and per-
forming the simple mathematical problem

cmmnnfr Xsufnc:, * left showing.

Example: Given E = 70 and I = 74,
solve for R.

. e\ + In the triangle you cover the 'R, ' which S
tell8 you to divide the value of I into'the -
| | value of E. ThenR =70V = 10 -, £
,, 3 e
\ ' . Yo
Solve the problem below, ang mark through the letter in the triangle that gives
you the correct formula, o

I = \
¢ :
R = . - pe
\ //"
Answer: 30V 4 ' -
“~
P )
! R ] v
1

13
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We use Ohm's law to determine the total value o& current volta.ge, or

resiftance of a circuit, - We also use Ohm's law to determine the value .
v - - of current, voltage, or resistance.at each resistor. Let us am.lyze a : .
& cu-cuit thathas a 120 volt source and twg 30 ohm resjstors in series
L © Inthis case, we know the total v
T | _ _ . voltage is 120V. We add the value
' - Ry« g0 of the individual resistors (30~ + 30N
- : = 60" )to détermine the total ‘
1 » gy izoV S resistance | o ‘ o
. ' v . ) *
o BES L Rgo 301 Now we have two of the total values:
- B — @ — MW ~, 120V and' 60~ . We use I.= E/R

: ‘I = A £ to determine the current - 120V _ 2A
* : R . . ' 60~ .
. : . © o\ ) .

. Now you try one. What is the total current flow in thef’following circuit?

Res200

e
—

14




K Now we will determine the voltage values (voltage drop) at individual
resistors and the total circuit values (applied voltage) “To-determine the
voltage drop .at a resistor, we must know the amount of resistance in the

* resistor and the current flow throu.gh the resismr

£ , .

| frsicov |
D ’ ‘ ‘ - .
1 . ) ' !"l'*—v .
a | . V‘A‘ - N,
‘» ) ‘ : Ia-u-ﬂ-
Ir2a

" Inthis circuit, we know the amount ol resistance at Ry (254 ), and the
*  current through Ry (2A). The voltage drop at R;. would equal 25 x 2A.

..The volfa.gé drép at Ry wpuld be 50V, | L
The voltage drcp at R would be 50V,

Determine the voltage drop at each resistor in the circuit below, -

(O

-3

2277

o | R = 30N SR -
. X I—_‘\ﬁ A : W_._ - ‘1 ’ -
s ) !{..— . ‘ N
, : '
! Ersigoy | -~
, e :
) AAA—] ~
. _\J— . RgsBon-. b ‘
e Is2a
) .
5 |
\.\‘/ .
. Answext: Ry =60V; Ry = B0V,
* 16 p
.
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A
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When we determine the current through an individul resistor, we must
also know two of the three walues at the resistor.

oD (

g

15

Niegon .
N\ We know two values at Ry —
Liseov
-+ 60Vand 30 A . We use the
it ETsigov N . |
. ‘_1';_.. ‘ - formula I = E/R A
h R2 =30 = .
.___.@__NW—J 60V _ o A We have determined ’
I= A the current flow through Rj.
Since the current is the same throughout the circuit, all we must do is
determine the current at one point to know the tot&l current in the circuit.
Therefore, the total current through the circuit above is 2A,
What is the total current flow in the fcllowing circuits ? X 104\-\
‘l
-\ o—v o VW~ ——
1. { - Ris 3o~ t;-qo\'
E Trsido Rzu 301 |~ Ereicov Rg = 10~
' Ry« 5
D)
Ny
I-= I =
Answer: 1. 2A .
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tance of an individual resistor, and the total
n Ohm's law is applied to an individual resistor,
drop at the resistor, and the current flow through

+  Now, let us determine the re

33

resistance of a circuit,
we must know the

the resistor. , '
oo J
- : | o ’ ) . .
—iAAN -‘ ‘To determine the ohms at Ry, we
|  Siov -divide the amount of voltage drop '
' ~ ' " (20V) by the amount of current (2A).
! Erssov . - The formula i8R = E/f =20V = 10.n &
. s %A Ceesov ¢ The resistance at Rg 15 15 )
A NN _ ~ -
= Rge

- If we know. the resistance at each resistor, we add these values to obtain the
total resistance in the circuit, o '

i

De .ermine the total resistance in the circuit below.

— —o\

-+

[
t Evsizoy
——

(-
1*24A

Answer: 680

i8
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. [
| | 23
As you know, the total voltage of a series cir/ouit is equal to the sum of the
voltage drops in the circuit. ' Therefore, if we determine the voltage drop
at each resistor, and add these values, we, know the applied voltage. |
Ri=iQ ™~ ' { . \
' ¥ First we determine the voltage drop .
at Ry. 10~ x 3A = 30V. Then !
PoET— we determine the vcltage drop at Rg.,
~ —Y | . By =30V + 30V - 60v.
) MAA
\_/
Rg c 0~

_ Another meﬁmd used to determine the total voltage is through the use of Ohm's
" Law. We must know the total resistance and the current flow through the cir-
cuif. When we know the two values (resistance and current) we use the, follow-
ing equaton: E = IxR.

Rision
ANA— First we must find total resistance
‘ ;’"Rt =10 + 10~ = 20 .
: T Now, we multiply the total resistunce.,

- (20 ) by the current (3A).
RS 7Y . R2sj0n- -

Determine the apphed voltage of the circuits below,

I gy - —_— s ET S e » n;-sg«-

i

i2A

®
3

Answer: 1. 120V
2. 150V

17
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To determine the total resistance q.i a circuit, we must know the appned - 413 0
voltage and the current flow in the circuit. If we know the two values, '

(applied voltage and current), we divide the current into the voltage to find
the total resistance. Use. the equation R = E/I

'
-
-
.

L4 ‘.

If we know the applied mltage and

' ﬂfj\ ANV the current, we divide the curreuﬂ:t \ .
-L . ! into the voltage to determine total &,
n resistance, ; , ; ' L
€re 80V Rredsn > 180V = 45~ . o |
-1 | s4a ; ' \‘. ) '\A : |
@-_ —/ A/ Notxce that we do not determine the
Ry : resistance of each resistor. . {
. . A
-
. *
: : 4
Determine the total resistance in the circuit below. '
; o
. . | R, L AW
N\ —"" NMA— -
— ’
i ETegoov . Ry. . Mt

Answer: . 40

19
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At this point, we know how\"\? determine the total voltage, current, -and -
resistance of a circuit we ow how to determine the values of
individual resistors.- Now we will determine the power expended in a
circuit or resistor. When voltage causes current flow in a circuit, work
is done.” The rate at which this work is done is“called the power rate,

and it is measured in watts., The symbol P indicates electrical power.

It is equal to the voltage across a circuit multiplied by the current through
the circuit. Thus, the basic power formula isP=IxE. °

N

. .I ¥ ) . g
Ay—"\ AN -In this circuit, we have the
‘L : required values (tctal voltage
‘ ' and current) necessaty to:
1 ETeizpy » determine the Power.
_1_ coe .
. @ ‘r:’=IxE=4Ax120V=480Watt8
[e4a

Determiné the power consumed in the circuit below.

r—"\fﬂ*\r’;;\, v

Answer: 300 W

20

A-’ \"{\ E]
P



- To determine the power consumed at an individual resistor, we must :
know the amount of voltage drop and the amount of current at the resistor.
Remember, you multiply the current times the voltage to determine the

power. ‘P = current x voltage. e
| . Rys oL
- J\ AMA " To determine the power at Ry, we
\ € eqov would multiply the amps times
) .J.-. . ' pa v voltage.
P gremo ‘ P=IxE =2A x 40V = 80W,
) « .
{ E3 -0V Power at Ry would be 120W, .
O—M— 3 “
N/ - ;
1*8A  Rysyqn
. PO W
%
.!’f- r | » .

Determine the powér consunjed at each resistor in the circuit below.

- Pl w
Ris30.N
—
l , Kisgov :
; Re s (O~
i E Teiioy ' Eg = 20V
) WV
’ (egA Rys (g
ol P- v
Answer: Py = 120W; P; =40W; Pj3 = 60W.
2L
- .
D
<3N

©

ERIC
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Now, 'let us analyze a circuit and utilize some of the information just

covered, In the c

voltage drop at R3, and the resistance at R3.

]

First, we determine the voltage

drop at Ry.
E=IxR = QAxs-&

—

20v

irguit below, we must determine total resistance,

5o +15™ + N “ﬁ
10A  + 30-«\- 't-m \
Next we determine
the voltage drop at Rp
Res (g :
‘ . ooy 4A x 15~ = 60v
, ET s 20V Rye —-
. {e4A We now add the two values .
(20v + 60v = 80v) and subtract
e this value (80v) from the
We divide 4A into 40 volts to appued voltage which gim
40v = 10 120v (E;) -~ 80v '= 40v
3
)
279
22



Determine the unknown values in the circuit below.

Rio A -
* A -
‘[ g Rgegn.
: v« Sgv Rys______
————— g Tgo v

O

(LR T Rys g
\ .

Answer: R1=10- ; Eg =15V; Rt = 30
23
5
\\
ey

£ric

Aruitoxt provided by Eic:
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When analyzing a circuit, make use of the known values, and remember the formulas:
R=E/], I =E/g, E=IxR,and P=IXE, -

1. The two known values in this case are at
. : | Ri. We divide the 10\ into the 30V to

g determine the current in the circuit.
30V = 3A
10 ‘
5. 30V (Eq) + 15V (E2) + 45V (E3) = 80V
or !
Isa, A .
30-(R¢) x 3A = 90V - 2. Now, we know two values at
v Ry - Current and.Resistance.
3 | 3Ax 5 = 15V
T Ele30V |
o ; ET= y v R8N
-1 E2s . - We also know two values at
PTs__-W Rj - Current and Voltage.
6. We multiply the / AN LA G
current times the : '
total voltage to R3=_AN-= . | . '
determine the total ESs 48V 4. To determine power at 2 Resistor, we
power. : P3s W _ multiply the current times the voltage
at that resistor.

3A x 90V =270

JA x 45V = 135W

YW RE ‘
<12 5




Determine the unknown values in the circuit below.

4
i s

a3k

| . ———— o
—:-bA j‘L
f £, ¢ 00V
i q-
Lty ~ i
| [ §'] JS.
—-—— é ﬁ‘" L
—® AN
Rys30n
1® A
$ XX 1"
¢
Answer: I=3A; Ep =120V; E;=270V; Ry =20~ ; R¢=90"-
Pt = 810W
25
o

¢l
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CRITERION EXAMINATION

(You must answer correctly 14 out of 15 items
to satisfactorily complete this unit)

1. An electrical circuit that has only one path for current flcw {s known
as a

a. parallel circuit,
b, parallel-series circuit.
¢. , series circuit. :

d. series-parallel circuit. o

2. Place an '"S" by each statement that describes the characteristics of
a se. .2s cireuit. '

a. A circuit containing two or more units of resistance,
. each having a separate path of current flow.

b.  Total resistance is equal to the sum of the individual
resistors in the circuit.

|

: 4
\

The curtrent {low is the same throughout the circuit.

s
\\ " d.  The same voltage value is applied to each unit of
! resistance,.
e.  Has only one path for current flow.

|

f. Total current divides among resistors in proportion
to their resistance.

g. Total resistance is less than that of any single resistor,

h. Applied voltage is equal to the sum of the voltage drope
across all resistors,

i) 4

v

>

26




. 3. Determine the unknown values in each of the following circuits, > ¥ -
Kegn
T e~ e v
. ' L £ 1) \J
Rs = _—JL
(D) A Re=___ =
A ’ i
‘-x‘ij o ..n____—n.
‘ Rj + 2O~ \
—\ AN
+ ]
" gre—_y %n-% | Et‘_._.__V
1 2egoyv -
—_ by . I = A
P =
—I’;\- Mr 8 , v
N~ B3 s 30 Pt=_____W
e A ﬂ.. -
LY oY |
A AM———
I = A
\ ; Ersi20V P W %':-lﬂ- : Bg=___V \
ﬂ“ Pt= w )
O——AA—
A W A
l | L J—
a7
{
Cfy
Q
x
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VALIDATION DATA

This programmed text on Parallel DC Circuits has N
heen vajidated on 39 studenfs. . Target population con-
sisted of 39 students enrolled in ABR 54330, Electri-

cal Power Production Course.

The Criterion Examination has a total of 29 responses,
with 26 out of 29 being the standard of performance. .

Any 26 correct responsss is 100%.

The fallowing results indieate time taken to complete
the program and scores obtained on the Criterion

Examination.

RANGE JAVERAGE
Time 42 - 160 105
Min Min
Scores - | 50 - 100%i 82.1%
L .
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OBJECTIVES &4

After completing this unit of instruction, you‘should be able to

accomplish the following:
@ Identify the definition of a parallel circuit.
@ Identify the characteristics of a parallel circuit.

@ Identify the various arrangements of.parallel
circuits from an illustration containing circuit

schematics.

@® Solve for unknown values of current, voltage, .
resistance; -and power using electrical formulas
and circuit characteristics when given parallel

circuit schematics and sufficient known values.
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Follow These Steps:

1. As you study the text, you are required to solve problems,
complete information, and circle or check items from a group.  /

2. Questions and answers are separated, Use a 5 x 7 card, or
heavy paper you can’t see through, as a marker. Slide the
card down until you expose the divider.

You now have one problem exposed.
3. Read the information given and work the problem. Write your

answer in the space prcvxded

4. After you have made your response, slide the marker further
down the paper and compare your answer with the correct answer.

a. I your answer is right, continue working the pmblems.

b. If your answer is wrong, reStudy the information and
work the problem again.

Then proceed to the next probiem.

AREP

it



At Christmas time when you have finglly decided to check the taghts for Qq '
the trée, you may have noted that there were two different types.- One ,
set of lights was a particular problem because, as one of its lights burned
out, “all of its lights would go out. This was a series-connected circuit.
- The set of lights that suited your purpose best was connected in parallel,

In working on this set you found that when one*light went out, the others
still continued to glow, N

1. A parallel circuit i8 a circuit containing two or more units of
: resistance, each unit havij'xg a separﬁ path of current flow.

From the circuits shown)"'below, ‘Select those that are parallel
by drawing a circle around its corresponding letter.

ERIC

Full Tt Provided by ERIC.
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Qne characterigtic of a parallel circuit is that the same vokage is
- applied to each unit of resistance. The formula which gives this relation-
ship is E; =E4 =E2 = Eg. v : '

>
J

2. Which of the circuits below demonstrates the voltage characteristic
of a parallel circuit? (Circle the letter of your answer. )

ET:‘SV_[ Eq= 6V E;=i0v
£ =10V E p=10V

—

g

£ T=3OV

|
J
1

o EQ:SOOV( 52:‘.00$

E 3:'[ (ole)Y

C. d.

1 ) .
q. B E1 = \%
R, R, % —_—

AN
=1
Do
i
<

[ GO \' . 1:‘ "
I ke ,‘-?‘




o
other characteristic of a parallel circuit is that total current is equal to the
A of the currents through all the paths. This is expressed in formula form

It =11 +Ig +I3. Total current divides among the resistors inversely pro-
'tional to their resistance.

the circuit be -w, notice that the sum of the currents in the branches equals
total current It's also important to see the resistance current relation-

P. Ry , which is three times larger than R2, has one third the amount of
Aﬂrent owing throughit as Ra,

- lT:AA .
A —
Y
| i‘ﬂA .
i 12334
; oy
Rr:GA %
R2:2J\

Select the circuit below v?hich demonstrates the current characteristic
of a parallel circuit. (Circle the letter of your answer. )

J A 30A 10A

QYS

Ad_ m T I/A-\
"/ _L \_/ \_/
) t B )
- . i { -
| f
}
SA A T 12A 18A] T 6A 6A
|
b. c
b
Y
)
3
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U J. Which of the circuits below demonstrate the correct current division P
| in a parallel circujt? (Circle the letter of your answer.)
y /
s 4A : ‘ : 3A
' ; Ry Q10~ " R3 10 A _i._“ Ry £ 20~ Rz £ 40 .~
i ‘ { '
‘ P
—_— K !
ty [ 2A fa 2A R Ve FRA L g 2A
a b. e -
et -
. N
c.
(" a. c
8.  Complete the statements below: ’ s
-~ a. A parallel circuit contains or ' units
of resistance, each having a path for current flow
two more separate
b. The voltage applied to each resistor in a parallel circuit is the .

as the total or applied voltage.
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c. Total current in a parallel circuit is the of the .
current through the individual resistors.

- , .

sum

d. Current in a specific resistor of a parallel circuit will be
proportional to its resistz ce.

inversely

Total resistance in a parallel circuit is é.lways less than the smallest valued
. resistor in the circuit. When the resistor values are equal we'can find R¢ by
dividing the value of one rgsistor by the number of resistors in parallel,

f
Example: .

<

In the above circuit the total resistance would have to be less than 100

the smallest valued resistor in the circuit. The four resistor values are equal
-50 we can divide the value of one resistor (1004™\) by the number of resistors
having that value (4).

Ry = 100 = 25/
.

to
\J',




Li)

1.

_ — 20 N
I 120 6.N Ry 30
a. ™ b.

In Circuit a. the total resistance would have to be less than

p

12 e

6

In Circuit b. the total resistance would have to be less than

12

o )



8.  Solve the circuits below for R,

\

&. L
100 A NI00 A D100 100 -~ Rt =
25 -
b.
——
| Ry R,
Ri =
————— 10 -~ 10
"
C.
E R Rz R3
]
-[ 6G . 60 . & §0 Ry = W
20

r.
oy
.
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9. Identify the characteristics of a series and parallel circuit by placing
an "S" by each series characteristic and a ""P"" by each parallel char-

acteristic. l

a. Has only one path for current flow.

. Total current divides among the resistors inversely
proportional to their resistance,

c. Total resistance is always less than the smallest valued =
resistor.
d.  Same voltage value is applied to each unit of resistance.

e. Current flow is same throughout circuit. .
f. Total resistance is equal to sum of individual resistors.

£. Circuit containing two or more units of resistance, each
having a separate path of current flow.

h. Applied voltage is equal to the sum of the voltage drops
across all resistors.

. S c. P e. S g. P
. T o4 F. o T o

When answering the next several questions, you'll find
the answers in the left margin and just below the question-

ing area.

Let's review reciprocals and the addition of fractions as they are
important to our knowledge of parallel circuits,

The reciprocal of the number 8 is 1/8, of 100 is 1/100,
The reciprocal of 1,50 is 50, of 1/35 is 35.

' 10.  Find the reciprocals of the numbers below,

|
J 80, 20, 45, 1/6, 1/120, 1/1000 .

e\, :. e
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), 1/20, | Vow let's add the reciprocals of the following numbers.

5, 6, 130 20, 30, 60

We would add these values this way: 1/20 +1/30 + 1/60,
) ‘ To add fractions we first mustTind the least common denominator.
(The lowest value 20, 30 & 60 will divide into).In this case it is

60.
We now have 80, 60, 60 or 3 +2+1,
20 30 &0 B0
This givesus 6 or 1 .
60 10

11. Add the reciprocal values of the following numbers.

§, 12, and 4

| The above problem could have been worked in this way.

@ 1 +1 + 1 least common denominator 12
§ 12 1 e
@ 2+1+3 =6 or 1 |
13 12 )

One of the methods used to find total resistance of a parallel
circuit is by use of the Reciprocal formula,
Rt = | 1 :
1/Ry + I/Rz + 1/R3

In using the formula we substitute the numerical resistance
value into the formula.

n).“
.

e
LS

ERIC

Aruitoxt provided by Eic:
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Below is an example of using the reciprocal foymula to find total resistance.

i
H
_{_

<

»
8. [vso.m 0.
Steps:
A.  The formula for finding total resistance is Ry = 1
B. Substituting the values in the problem gives us R, = 1

_ 1/8+1/10+ 1/40
C. The least common denominator must be found. If: would equal 40.

D.  Next you must change all denominators to 40. The formula would then

~ look like this: Ry = 1
' 340 + Vg0 + Uyo

' E.  Next, add the denominator: Ry = 1
-~ - 16240
F. You now have the problem in sclvable, workable terms. Your next step

is to begin to perform the division:
Ry = 1/1. + 10/49

G. Using the rule for division of fra.ctid"ﬁg, you invert the fraction and
multiply. This gives you .
R, = 1/1 X 40/10

H. Then, - Rt = 40/10 or é_—f\—.
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12.  Complete the formula below for the given circuit.

Rt = 1 ‘
1/ + 1/ + 1/

- Ai_ Ry Rz ;R3 ‘ ~
|
|
]

——————

4 N 5. 20 AL

1 a. Now the least common denominator must be found.
1/4 + 1/5 + 1/20 1t would equal £ 2
50 b. This means we have Ry = 1
© /20 + 4/20 + 1/30
6] ¢. Then R¢ = 1
720

‘ }
10 d. ThenRt= 1/{ = /
10/44 e. ThenR;= 1/; x /
20//10 f. Then Rt = 20/10 = W

_‘1
! N
2 M
11
: 4.";‘ {

©

ERIC

Aruitoxt provided by Eic:
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Now see how well you can do on these two problems.

—

_L Ry Ro : ..l_ .Rt | Rz Rj
{ . .
5
t

3. 8- 10 40 (84

a. . | b.

L

a.

b.

2 N

§ -

The solutions to the above problems are:

1. "1 =1 + 1 2 _1_:2+1=3 =1 Rt=2
Rt 3 6 R 8 e 2

i 1 =1 +1 +1 2. 1 =4+1+5:10=1 Rt:_-g
X 0 W 3§ Ry T 90 0 1

N

e i & A Ay T S R o B A s 8t

14.

Let's go cver some short cuts that may help you.

Remember total resistance of a parallel circuit is a.lways -
less than that of the smallest valued resistor. :

Example: Bl Ry Ris Rj
{
i
i
l—

50 100 L 75 o

In the above circuit the fotal resistance would have to be Iess
than 50 /- .

Select the only possible total resistance for the circuit below.
{Circle the letter of your choice.)

f'

—-{ } e W
4 éﬁt R2 Rj3 a 3
, b A
{
—_ c. 18-
18.n s.n. 6.0 d, 33 -
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When the parallél resistors are all of equal size then you can
find total resistance by dividing the value of one of the parallel
34— resistors by the number of equal sized resistors. -

Example: _L

1
§ Y
[

i > 60.~ D60 A 60 .~

R¢ = 60  size of equal resistor S
- number of equal resistors ¢

Ry = 20 -

153.  Find the total resistance of the circuit below:

c* J. Ry R2 R3 Ra

Rt = - N

et geera—

80 . 80 80\ 80 .

20
. Now let's review the key points.
a. A parallel circuit is a circuit containing \L or
units of resistance, each having a " path of current
flow.
two more separate
13

©

ERIC

Aruitoxt provided by Eic:



The same voltage is applied to - unit of resistance

in a parallel circuit.

/ each

Total current in a parallel circuit among resistors

proportional to the value of the resistors.

divides inversely

Total resistance in a parallel circuit can be found by the formula.

Rt = 1
1/ + 1/ + 1/

R¢ = 1
FRl + I/Rz + 1fR3

Total resistance in a parallel circuit is always less than the
-

valued resistor.

smallest

14 ‘
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17. To continue our review, solve the {gircuits below:

{

a. 4_ | R | - b, ET mv_‘L £
t :

E2
f
f
T 30 -~ 30 ]
RT = - £y V. Ep= v
a. 15 b. 10V, 10V
- ¢
‘ | fXdA
e, d.
: E; E2 20v . :
| 4
_—
1 1A
/.’
ET__ V Eys VEzz 20V e A
c. 20V, 20V | d. 3aA
'y BA
e, | A . £, | 'R
| ]
: f 6 4.
-1 3 sA RS S
‘T'—*—- A RT‘ o
€. 15A f. 2.4 -
; 15 -
o
~




Aruitoxt provided by Eic:

ERIC

The total power (P;) dissipated in a parallel DC circuit is equal to the applied
voltage times the total current.
a8 Pt =Et x L.

-

The power dissipated by each individual resistor in a DC parallel circuit is
found by multiplying the voltage applied to it by the current through it.

Pi=E;xI;y Pg=EgxI

3
13, In the circuit below find P¢, P1, and Pa.
-;_ Ry R2
30v |
—_ 3A
: ’2211\
[TAA '
Pt = W, P1 = W, ‘P2 = W )

120W, 90 W, 30W

B YWARE
‘(_.)



folvirig parallel circuit problems we must keep not only the. parallel
cuit characteristics in mind, but should be ready to make use of Orn's ,

i'¢ € .
\ E=IxR, I=E, R= E

: B I

| 1

T R, Rz
Eyz120v 1 .

i

—— 20.n | 301
. } R

1 will be asked to find values as those which follow:

El = V Il = . A Rt = .. Pt = ' W
E2 = \Y 12 = A Pl = w
L = A Py = W

cre are several methods of attacking this preblem. Here is one example:

E, = Eg will equal 120V as shown by voltage characteristic.

I; = 120V = 6A, I = 120V ° = 4A obtained through use of Ohm's Law.
B 30—
L = 6A +4A = 10A as shown by current characteristic. It could also
have been determined by Ohm's Law if Rt has been found
earlier.
R, = 120V = 12 -+~ obtained through use of Ohm's Law. R; also can be
t f -
10A ound by use of the reciprocal formula.

1 = 5 or 12~

t:
- 1/90+1/30 60

Py = remember power equal current times voltage.
P, = 10A x 120V = 1200W using
the power formula Pt = Et x It

PI = E1 X I1 or 120V x 6A = T720W Y

P, =E, xL, or 120V x 4A = 480W

5 =

17

ERIC

Full Tt Provided by ERIC.
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19. Solve the circuit below.

—1 Ry N2
ET:%SO\‘:
s
T 0.0 80
E1 = V Il = A Rt = o Pt = W
Ey=__V Ip=___A Pi=__W
27 L 1- —w
. ko Pp=

Ei = 180V I. = 6 A R, = 20 Pt =1620 W
Eq = 180V -3 p; =1080 W
k= 9 A Py = 540 W

A parallel circuit with additional branches is similar in solving.

Rz:AOJl.
!
{
|
_}.._.. i3
=24

You may have to find values as these.

. BV L=8 A R__~ P=_ W
Eg= _V I;=2 A Pp: W
E3=__ V =3 A Pp= W
Eq=_V 3= A Pg - W

Y v
o /
~ ‘

L& O



One épproach to this problem is:

Eq = 3A x 40~ =120V using Ohm's Law.

Et, E,, E3 = 120V applying the voltage characteristic.

A,

B.

C. L =64, Ij = 2A, Iy = 3A values given.

D. I3 =6A —(2A +3A) = 1A applying the current c;;aract_eristic.
E." |

Rt = 120v = 20~ using Ohm's Law.:
F. ‘bt= 120V (Ey) x 6A(L) = 720 W,
Py = 120V (E) x "2A (I}) = 240 W,

P, = 120V (Egix 3A(Ip) = 360 W.

P3 = 120V (E3) x 1A (I3) = 120 W.

20. Solve the circuit below:
= 10A 7\
It \_/

il

Ry R R ;=80
e
15=2.5A

1 ,=2.5A
Find the following values:
Ep=_ 1V L=10 A R= o~ Ppo=
E2 = Vv Iy = A P1 =
E3 = \% Ip =2.5 A Py =
E, = A I3 =2.5 A Py =
19

ERIC

Full Tt Provided by ERIC.
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Answer to Question 20:

E2=20V Ij=5 A . P; = 1000 W

Eg = 200 Vv 12 = 2.9 A g Pg = 500 W

Et= 200V I3=2.5 A | Pg = 500 W
¢

20

Full Tt Provided by ERIC.
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PURPOSE OF STUDY GUIDES, WORKBOOKS, PROGRAMMED TEXTS AND HANDOUTS

Study Guides, Workbooks, Programmed Texts and Handouts are training
gugticatians authorized by Air Training Command (ATC) for student use in
TC courses.

The STUDY GUIDE (SG) presents the information you need to complete
the unit of instruction, or makes assignments for you to read in other
publications which contain the required information.

The WORKBOOK (WB) contains work procedures designed to help you
achieve the learning objectives of the unit of {nstruction. Knowledge
acquired from using the study guide will help you perform the missions
or exercises, solve the problems, or answer questions presented in the
workbook.

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material
under one cover. The two training publications are combined when the WB
is not designed for you to write in, or when both SG and WB are {ssued
for you to keep.

The PROGRAMMED TEXT (PT) presents information in planned steps with
srovisions for you to actively respond to each step. You are given
immediate knowledge of the correctness of each response. PTs may either
. replace or augment SGs and WBs.

The HANDOUT (HO) contains supplementary training materials in the
form of flow charts, block diagrams, printouts, case problems, tables,
forms, charts, and similar materials.

Training publications are designed for ATC course use only. They
are updated as necessary for training purposes, but are NOT to be used
on the job as authoritative references in preference to Technical Orders
or other official publications.
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| , i .
‘g ALTERNATINC CURRENT WIRING SYSTENMS

pBJEC-TIVE |
| To hélp you in learning the:
- Definition of alternating current
- Characteristics and advantages of alternating current

- Principle of operation of transformers

- Purpose and principle of operation of various wiring systems

4

Principle of operation of motors and motor starters

INTRODUCTION

When electricity first came into use, Mr. Ediscn held patent rights on
the dynamos which were the power sources. These d.c. machines usually
served an area jof about a mile and a half radius because beyond this dis -
tance, line losg was too great. Since d.c. cannot be transformed, power
was jenerated at the same voltage (about 110 volts) that was used in the
homes and shops.

While d.c. was in use, and the existing patent rights were in force,
experiments with a.¢. were being performed. It was discovered that ‘{i)r )
. L

commercial purposes, a.c. held many advantages. :

i. Alternating current (a.c.) could be transformed - voltages
could be stepped up or stepped down by use of a transformer,

IR

Because a.c¢. c¢ould be transformed, smaller transmission
lines could be used, and a.c¢. could be transmitted over:
longer distances more economically than d.c.

3. Most a.c. motors have no sliding contacts; therefore , they
require little maintenance,

As patent rights expired, the use of a.c¢. spread until at the present,
mosgt of our commercial power is a.c.

oY s
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FUNDAMENTALS OF A.C.

)

Definition of A.C.

Alternating current may be
defined as a current which changes
direction at regular intervals. (See

figure 1.) \ E)
It may also be defined as a |

current which increases in value . N
at a definite rate from zero toa
maximum positive value, and again’
decreasing to zero, as shown in
" figure 2. _ Figure 1. Alternating Current

!
!
'

Generation of A.C. 4 ;
| |
To generate a voitage mecha- f

nically, either a.c. or d.c., three

things are needed; (1) a magnetic
field, (2) conductors, and (3) relative
motion. Combine these three, move
the conductors or magnetic field, and
a voltage will be generated.

A simple a.c. generator con-
sists of a single turn coil or wire,
a permanent magnet, two sliprings,
and two brushes. Each end of the
coil of wire is connected to a slip-
ring. The two slinrings make up the
rotor and this rotor is mounted
between the poles of the magnet so
that it is free to rotate on its axis.
External connections to the sliprings

SINE WAVE FORM FOR AC

YOLTR

]
[
!
™uE ~——ut

are made by means of the brushes S \
that are held stationary by the insu- .

lated brush holder and make contin- - Figure 2, A.C. Voltage Curve
uous contact with the sliprings. (See :

figure 3.) ‘

Generators are our primary source of a.c. All mechanical generators
generate a.c.; however, d.c. generators convert a,c, to d.c. through the
use of a commutator and brush assembly,

[N

2
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The $ine Wave ‘ . .

s y o make a graph of the voltage induced in the conductor at various
points, you will obtain an interesting curve, shown in figure 4, Plot the -
various points'in degrees along the horizontal axis and the height of the

' v:r“ag,e induced along the vertical axis, Use the horizontal axis as a ref-
erence for zero voltage. Conside r the voltage induced in one direction as
pas:tne and that in the opposite dxrectmn as negative

N .
AR

*y -

1
Figure 3., Simple Generator Figure 4. Graph of Induced Voltage
' \¢ . ) ) . ::\\\
An Alte rna‘tiog bl
By studying the sine wave in
‘,;;,u.re 4, an asternation might be 162°
explained as a generation of voltage o*-
from zero to maximum and back to ' /4 1/2
zero in only one direction. In figure ' | SEC SEC ! SEC
4, it would b;:_;epre sented between t— ALTERNA‘HON‘.‘J
points. A to E, or the 180 degrees | PERIOD = . .t
represent the positive alternation. - ' . -~
v, E to'A in figure 4 represents the _ CYCLE
; negative alternation, : ONE SECOND————
. . { :
The Cycle . ' , Figure 5. A.C. Cvcle and

. It~ Components
o In elgctricity, the A.C. cycle , '
v s represented by the following symbol, /-L/ . Again study figure 4
for an explanation of the cycle. A to A (360 electrical degrees) represents

. one cycle of alternating current or voltage. A further explanation of the
alte rnation and cycle can be seen in figure 5.

-
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[

AN e h——

POSITION &
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4
- POSITION |- )
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. .
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45 90 135 180 225 270 315 360

DEGREES OF ROTATION

Figure 6. Generation of a Sine Wave
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Frequency -
*  The number of times each cycle occurs in a period of time is called

the frequency. -The frequency of an electric current or voltage specifies

the number of times a cycle recurs in one second. The.rate at which the
current changes direction of flow is twice the frequency of the alternating
current, If 120 reversals of current occur each second, the frequency of
_the alternating current is 120/2 or 60 cycles per second.

[«

—

You have learned that current flows from negative to positive, For
d.c. this is easily shown on a graph with a straight line. Alternating
current also flows from neganve ‘to positive; however, polanty of con-

. ductors in an a.c. circuit is constantly changing. With sixty cycle current,
the pal(arxty of the conductors will change 120 tnines per second.

Most l'axx'_ge a.c. generators are designed so that the mggrietic field
(an electromagnet) rotates, causing the lines of force to move across the
stator coils, inducing a voltage in the stator coils,

’ Speed of commercial alternators is very closely controlled in order to
keep the frequency cycles per second (cps) constant. Frequency of a.c. is
standirdized at 60 cps in the United States. Many foreign countries use 50
cycle current.

For a picture explanatic: of generation of a.c., sine waves, alternation,
cycle and frequency, study figure 6.

Phase of Current and Voltage EMF

- When current and voltage pass
through zero and reach maximum

_ CURRENT
values at the same instant, current . 360
and voltage are said to be in phase. 0 180"

{See figure 7.)

Inductive Reactance

When an alte rnating -current
flows through a ¢oil of wire, the
rise and fall of the current flow,

first in one direction, then in anothey, 7 . I
sets up an expanding and collapsing Figure 7/ Current and Voltage
magnetic field about the coil, and in Phase
~ 5 ‘ i ,
2 .
lf D,
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induces a voltage in it which is opposite in direction to the applied voltage

: and a current flow that opposes any change in the alternating current. This
property of a coil to oppose any change in current flowing through it is
called inductance. ' '

*.
'

‘ The oppesition to the flow of
current which inductances put in a EMF.
circuit is called inductive reactance.
In a purely inductive circuit, the '

current reaches a maximum value CURRENT
later than the voltage, LAGGING the , 360
voltage by 90°, or 1/4 of a cycle. 0 180-\270
(Degree of lag may vary.) (See $a

figure 8.) - LAG

Capacitive Reactance

Another important property in
a.c. circuits, besides resistance
and inductance, is capacitance.
Capacitance is represented by a

capacitor. (See figure 9.) : Figure 8. Effect of Inductance

"
W

Any two conductors separated by aninstlator willhave the property
of capacitance. [n any electrical circuit, a capacitor serves as a store-
house for electricity,

When an alternating current is impressed on the circuit, the charge on
the plates constantly changes. In figure 10, the electricity must flow first
from' Y clockwise around to X, then from X counterclockwise around to Y.

[}

44% [ CAPACITOR |/

Y f‘. ‘___ j ( ‘_'. ‘____\
- AC GENERATOR '

- e— B
. Figure 9, Capacitor in an ' Figure 10, Capacitor in an
- A.C. Circuit - A.C. Circuit
‘., ' ' 6
i}
0y o
FUVE R




‘527-'L

<

Although no current flows through «
the insulator between the plates of the
capacitor, it is always flowing in the
remainder of the circuit between X'
and Y. In a circuit in which there is
only capacitance, current LEADS the
applied voltage as contrasted with a
circuit in which there is inductance,
causing current to LAG the voltage.
See the efiect of capacitance in
figure 11l.

EMF

Capacitance offers resistance to
any change in voltage. The opposition
caused by a capacitor is called -
capacitive reactance. - Figure 11. Effect of Capacitance

Rectifiers

13

We refer to the changing of a.c¢. current into direct current as recti-
fication. Rectifiers are devices that act like a valve permitting current
to flow in only one direction. Copper oxide and selenium rectifiers are the
two principal types of metallic rectifiers, A selenium recrifier can-
sists of a prepared film of selenium on a metallic substance such as iron.
Both types permit current to flow more readily in one direction, from the
metal to the film. Higher output volijage can be handled by connecting
_several in series. Higher current can be handled by arranging the recti-
fiers in parailel.

Using one rectifier the output will be half-wave pulsating d.c. (fig. 12).
Two rectifiers (or fo rectifiers as shown in figure 13}, are r%quired to
obtain full-wave rectécation.

AC SOURC

INPUT TO RECTIFIER

h

\_//\\/
nscw:est“_ _ o~ | \

DC LOAD OUTPUT FROM RECTIFIER

AN ——

Figure 12. Half-Wave Rectification
( ; )
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v 1 ! AC INPUT
! T N\
v T ./ ./
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; DC OUTPUT
AC SQURCE b
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—

‘.....
>

Figure 13. Full-Wave Rectification
- TRANSFORMERS AND POWER

The term "'transform' means to change. An electrical transformer
is used to change the electrical characteristics of voltage and current.
The use of transformers is widespread. Our everyday lives involve the
use of many transformers, most of which are never seen by us.

Transformer Operation

In studying characteristics of current, you have learned that about
any conductor carrying current, thereisa magnetic field, and that three
things are required to generate voltage mechanically. They are:

1. A conductor,

2. A magnetic field.

3. Movement of the conductor across the magnetic field, or move-
ment of the magnetic field across the conductor.

These characteristics and principles make operation of a transformer
possible. ‘

2
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A\transfarmer.cunsi:ts of three main parts (see figure 14). They,are:
1. The primary coil - the coil to which voltage is applied.

i .
2. The secondary? coil - the coil from which the voltage is taken,

3. The core which may be iron or air serves to provide a path /
thToygh which the magnetm ?\es of force gyravel,: : ‘
/

"MAGNETIC FIELD

$RON CQRE7 IN IRON CORE
I ~
PRIMARY SECONDARY |
CURRENT ' CURRENT :
0 AMPS3 ety 200 AMP.
~
] L
2400V A 207 »
I |

PRIMARY ) S o SECONDARY
coit cor
600 TURNS —J 30 TURNS

r 3
s
TURNS IN PRIMARY 6§00 _ 20

RAT —
O™ TURNS IN SECONDARY ~ 30 T |

Figure 14. Transformer Construction

If an a.c. source of voltage is applied to the primary coil, a magnetic
field will build up and collapse with each alternation. The lines of force
from the magnetic field of the primary coil move across the secondary coil
of the transformer, inducing a voltage in this coil. (A magnetic field is
moving across a conductor.) The core provides a path for the magnetic
field to travel through, and may consist of iron or air.

A direct ratic between the number of turns of wire in the primary
coil and turns of wire in the secondary coil exists. If there are more turns
of wire in the secondary coil than in the primary coil, voltage will be
increased, or stepped up. If the secondary coil has fewer turns of wire
than the primary coil, voltage will be decreased, or stepped down. To be
more specific, if a (raneformer has a ratio of one turn on the primary to
four turns-on the secondary, secondary voltage will be four times greater
than primary vol age.




former may have more than two i ) } STEP

- il -

The secondary coil of a trans-
electriefl connéctions, or 'taps, ' DOWN
so that rhore than .one voltage may
be obtained from one trappformer. _
as shown in figure 15, ?Ihis trans - STEP
former is referred to as a multitap P ue
transformer, and may be a combina-
tion step-up and step-downtransformer. ppuany

COIL

“ /
The center tapped transformer
is a multitap transformer, and is
used to obtain two voltages, as shown
in figure 16. Center tapped trans-
fo rs are used to provide voltages

of 110 and 220 volts in our homes and
businesses.

Single -Phase Power ‘

Frequently, we encounter the Figureﬂls. Multitap Transformer
terms ''single-phase’' and ''three-
phase' when referring to electrical
power. To the observer. single and
three -phase transmission lines differ
little., Since electricity is an abstract
thing, the easiest way to explain
phasing of electrical power systems
is to explain the generation of power, .-

You have noted that, as a con- }
ductor moves through a magnetic Figure 16, Center-Tap Transformer
field, a voltage is induced in that '
conductor. Figure 17 shows a single :
conductor moving through a magnetxc field set up by a two polq magnet. As
the conductor rotates, the maximum number of lines o force :hre cut ay the
conductor passes the pole piaces of the magnet, approaching ¢ne from the
top; the other from the bottom, -and alternating current is prqi:iuce\;l.
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Figure 17.
The output voltage, if plotted on a graph, would be the sine wave
form for a.c. (See figure 18.)

L,
In this case, the conductor would

have to make one complete turn to - //\

produce one complete cycle of a.c. .

This single conductor moving pAst &G 2 - ¢
the magnetic pole pieces produces a
single wave!~rm which we refer to : o ’; 3
as single-phase 4. c. Note that two © g - 2 4 !
wires gare I;equimd 10 transmit single - ONE RFVQLUT;QN

[}
phase power. '
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Three-Phase Power

R §

INDUCED EMF.

To generate three-phase power,
three conductors, spaced 120 elec-
trical degrees apart share the same
magnetic field (see figure 19). Since |
the three conductors cannot cut the )
maximum number of lines of force | j
at the same t"xme. three waveforms, - : ' .
or phases are Jenerated, Figure 18,
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Figure 20 shows sine waves for
three-phase a.c.

It would appear that six con-
ductors would be required to trans-
mit three-phase power, however,
it has been learned that phases can
be made to share conductors, and
three conductors can efficiently con-

duct three-phase power (see figure2l). . Figure 19,

The primary reasons for using A PHASE C
three -phase power is for efficient PHASE
transmission of power and operation PHASE 8

of electrical motors. Three-phase
motors are simple, rugged, and
require little maintenance,

. Three-Phase Transformer

vOLYS |
| e () e

Practically all power in the

United States is generated as 60 cycle,

three-phase alte rnating current and N
~ 1is supplied at the point of use as ' -
' single -phase or three -phase alterna- . f

ting current. Voltages available at Fizure 20. Output of a Three-phase

the point of use depend somewhat on . Alternator

the type of transformer connection.

The transformer we are zon-
cerned with is "WYE" connected.

The wye cc:ﬁnnection is extensively AL A s reast
used (figure 22) and is commonly , ) muotor
referred to as a 3-phase, four-wire
\ ; : PHASE B

system. , )

The neutral wire allows single- T pwast €
phase 12Q volt. From the neutral
wire to any phase lead, 120 valit
single -phase is available. Across
any two-phase leads 208 volt single- $
phase .is available. Across all ¥

- three -phase leads 208 volt three- Figure 21, Three-phase Alternator

phase is available, : - with Three Conductors -
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Figure 22, " Four-wire System

Voltmeter readings with the wye connected s—ec':'ondary would be:

A-B = 208 volts . Neutral - A = 120 volts
B-C = 208 volts : Neutral - B = 120 volts
C-A = 208 volts Neutral - C = 120 volts

Note that when the neutral wire is used with any combination of A, B,
or C, 120 volts ~r: avdilable. Any combination of A-B, B-C, or A-C will
provide 208 volts of single phase a.c. power. Three-phase poweris
obtained using A, B, and C.

Single -Phase Wiring Systems

When single -phase, 120-volt power is required, two wires will be
sufficient for power transmission. One of these wires will be a white
covered wire,: This wire is referred to as the neutral wire, and should
not be fused. The neutral wire should be grounded by means of a ground
rod driven in the earth, or a cold water pipe may be used in some areas,
Grounding one conductor provides a path for lightning (static electricity)
to discharge to earth,
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In addition to the neutral line being grounded, the "hot' line (ungrounded
conductor) wil}l be fused_In most wiring systems, a fuse Or circui